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ABSTRACT 
 
 
In 2009, an acute shortage of rare earths supply led to the establishment of a rare earth 
processing plant, Lynas Advanced Material Plant (LAMP) in Kuantan, Malaysia. Some 
sections of local community, however, feared that LAMP would affect the environment, 
people’s health and the livelihoods of the community. This led to protests, unrest and 
trepidations in local and national media which cost a huge amount of money to the 
company. This dissertation examines how community perceive the environmental and 
health impacts of LAMP, and whether their perceptions can affect their behaviours and 
changes in house prices. Both primary (field and online survey) and secondary data were 
employed. Data were analysed using statistical techniques. Results show that most people 
perceived LAMP to be dangerous. But, a close investigation of their perceptions revealed 
the opposite. Despite some inconsistencies, their perceptions overlapped with some of 
experts’ views and estimated environmental data. In addition, a small number of 
respondents (17 per cent), given a small cost (.06% of their monthly income), undertook 
protective actions such as reduction of outdoor activities. Respondents’ protective actions 
were influenced by their perceptions, and not by LAMP actual pollution emission. Also, 
there was a reduction in house prices in 2011. Although information about LAMP’ 
adverse environmental impacts was circulated widely during that year, many unknown 
variables might explain the drop in house prices. In short, LAMP should obtain a ‘Social 
License to Operate’ to mitigate public outrage and able to operate smoothly. 
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CHAPTER 1 
 
INTRODUCTION 
 
1.1 INTRODUCTION  
 
This chapter explains the background of the dissertation. It emphasises the function of 
rare metals, particularly rare earth elements. The shortage of these elements caused an 
international dispute between China and developed countries (e.g., Japan, the United 
States and European countries) due to China’s policies (Baroncini, 2012) of rare earth 
export restriction, and consequently led to the establishment of rare earth plant to 
overcome the shortage of rare earth supply. It also explains the problems associated with 
the rare earth industries and possible environmental and health impacts arising from 
Lynas Advanced Material Plant (LAMP) in Malaysia (Schmidt, 2013; Bardsher, 2011b), 
which caused fear for some of the local community and thus motivated them to participate 
in protests against LAMP. This chapter then outlines the objectives of the dissertation. 
The motivation and significance of conducting the present dissertation are also 
elaborated. Last, the scope and organisation of the dissertation are presented for a clear 
understanding of the coverage and flow of discussion. 
 
1.2 BACKGROUND  
 
Rare metals are everywhere—really everywhere—from soaring bridges to 
earphone buds. They are in couches, camera lenses, computers and cars. But they 
are rarely used alone or as the primary material. In essence they fill a role similar 
to that of yeast in pizza. While they are only used in small amounts, they’re 
essential. Without yeast there’s no pizza, and without rare metals there’s no high-
tech world. (Abraham, 2015, p. 3) 
 
Based on this statement, one should not underestimate the function of rare metals1. They 
are the reasons for devices and modern technologies getting smaller, thinner and lighter, 
but more powerful (Humphries, 2012; REUTERS, 2010; Blakely, n.d.) than they used to 
                                                          
1 According to Abraham (2015), rare metals also encompass rare earth elements. Rare metals are 
physically and chemically similar to rare earth elements (Massachusetts Institute of Technology, 2016b). 
Both rare metals and rare earths elements are a group of rare and valuable minerals. Investing News 
Network (2010) defines rare metals as tantalum, niobium and platinum metals. Meanwhile, rare earths 
consist of different metals and explained in the next page. 
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be. They have transformed the way people communicate, travel and shop (Abraham, 
2015). However, many people lack awareness of their existence, complexity and 
importance, because people never buy them directly from the market like many other 
products. Because these rare metals are buried away in humans’ gadgets, equipment and 
modern applications, their significance seems hidden and invisible, particularly to 
consumers.  
The increasing importance of rare metals in almost every aspect of modern civilization 
became a source of conflict between those who have access to the resources and those 
who do not. The starting point for this dissertation was the rare earth conflict between the 
resource-rich (China) and resource-poor (Japan) countries (Barteková and Kemp, 2016; 
Zhanheng, 2011) which gained international attention in 2010. Abraham (2015) has 
acknowledged humans’ dependence on these metals and the potential of conflict arising 
due to their significant functions. He stated that: 
Rare metals are no less transformative than oil and coal. They will increasingly 
deserve the same attention we afford fossil fuels, meaning those who control and 
manage their production and trade will increasingly reap outsized economic and 
geopolitical fortune. And yet, unlike oil or coal, they are often more limited in 
supply and far more complex to produce, and they originate from just a few places 
on earth. Many have such unique properties and uses that they cannot be switched 
out for cheaper or more abundant alternative. Our reliance on rare metals is not 
just an abstract geopolitical issue or a topic of concern only to material scientists. 
It is a potential source of conflict. But it was not always this way. (Abraham, 2015, 
pp. 5–7) 
 
In this dissertation, the focus is on rare earth elements (REEs) which serve as important 
ingredients in everyday products such as electronic equipment, medical and dental 
devices, communication and security systems, military application, modern technologies, 
and ‘green’ technologies (for example, wind turbines and hybrid vehicles) to reduce air 
pollution and greenhouse gases (Massari and Ruberti, 2013; Humphries, 2012; Schüler et 
al., 2011; Buckley, 2010b; Long, 2011; Seaman, 2010). REEs are a series of 17 chemical 
elements which consist of the 15 lanthanides, plus scandium (Sc) and yttrium (Y). 
Because of their roles in modern economies, they are often labelled as the ‘vitamin of 
modern industry’, ‘material of the future’ or ‘treasure trove’ of new materials (Hao and 
Liu, 2011, p.14). Their uses have created a political–economic conflict and sparked a war 
over the periodic table (Abraham, 2015). A detailed explanation of the conflict is given 
in the following paragraphs.  
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REEs production were started by the United States of America (USA), specifically 
concentrated in the California Mountain Pass area. The USA was the major producer and 
the global leader in conducting research and developing a wide range of REEs 
applications from 1950 to the late 1980s (Seaman, 2010). However, when the Chinese 
government realised that REEs could become a ‘strategic resource’ for their economic 
growth, China invested in exploration and improvement of REEs production methods. As 
a result, their mining operations and production increased, which lead to increase in 
exports; which in turn caused the world’s rare earth prices to drop. China then overtook 
the USA’s REEs production and drove all its competitors out of the market due to its low 
cost of production, which was driven by strong support from its government, a cheap 
labour force, and non-existent environmental and work place safety regulations (Stegen, 
2015; Ting and Seaman, 2013; Folger, 2011; Seaman, 2010). 
China has since maintained its position as the largest rare earth producing country with 
control of over 97 per cent of the world’s rare earth minerals (Massari and Ruberti, 2013; 
USEPA, 2012a; Seaman, 2010; Buckley, 2010b). In addition to being the largest producer 
of REEs, China is also the largest exporter and consumer of these minerals (Zhang et al., 
2015; Zhanheng, 2011). There are, however, several rare earth sources outside China, for 
instance, basnazite2 in the USA, monazite in Australia, India and South Africa, and 
ioparite as well as apatite in Kazakhtan, Uzbekistan and Ukraine. However, the sum of 
total production from these countries is very small—less than 5 per cent of the world 
production. This means that China has near-monopoly power in terms of REEs supply, 
and it has also gained advantage by establishing its own REEs supply chain (Jepson, 
2012). As a result, China’s actions and policies with regards to REEs substantially impact 
the global market in terms of REEs supply and demand.  
In 2009, China undertook policies,3 such as curtailing its export quotas, abandoning large-
scale REEs mining, cracking down on illegal mining and mineral smuggling, putting a 
halt to new mining licenses and putting production caps in place. These policies caused a 
shortage of REEs supply, and in turn, have resulted in a drastic rise in their prices (Massari 
                                                          
2 Rare earth deposits are present in many forms, for instance, basnazite, monazite, ioparite, apatite and 
xenotime. 
3 China’s export quota restrictions started to attract media attention from 2009 (Jepson, 2012). However, 
China had started issuing an export quota since 2005 (51,000 t). China decreased its export quota 
gradually to 46,000 t, coupled with 10 per cent export tariffs on rare earth metals/rare earth oxides in 
2006. In 2007, the quota reduced to 45,370 t and further declined to 34,156 t in 2008. The prices of some 
REEs such as yttrium, europium, terbium and dysprosium went up to 25 per cent, while others rose to 15 
per cent. In 2009, China issued 31,310 t export quota, and reduced it to 24,280 t in 2010. Nonetheless, in 
2011, China has increased its quota to 30,184 t (Zhang et al., 2015).  
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and Ruberti, 2013; Schüler et al., 2011). Reuters (2010) reported that the price of REEs, 
especially cerium, praseodymium, neodymium and dysprosium, rose steeply from 2009 
to 2010 and were even more expensive than the price of gold (see Graph 1.1). This caused 
difficulties for many developed economies such as Japan, the United States and European 
countries, as their economic activities are dependent on REEs (Humphries, 2012). 
Consequently, on 13 March 2012, USA, Japan and the European Union (EU) filed a 
complaint with the World Trade Organization (WTO) against China’s trade policy on 
export restriction of REEs (Baroncini, 2012). 
Graph 1.1 Rare earth metals vs. gold prices 
 
              
 
 
 
 
 
       Source: REUTERS (2010), p.7. 
 
In response to the international complaints, China claimed that its export restriction was 
consistent with the WTO rules. The reason cited for their tightening of policies was to 
protect humans, animals and plant life (Baroncini, 2012). In addition, REEs are non-
renewable natural resources; thus, they have to be prevented from being over-exploited 
and becoming ‘extinct’ (Ting & Seaman, 2013). According to China’s Vice Minister of 
Industry and IT, Su Bo, “the over-exploitation of rare earth has taken a toll on the local 
environment and the environmental costs far exceed the profits of rare earths” (CNTV, 
2014). The fact that REEs were sold at lower prices earlier (before 2009) did not reflect 
the costs incurred (State Council, the People’s Republic of China, 2012). Therefore, the 
Chinese government undertook these policies to reduce further damage to the 
environment and society, as well as to meet the increasing domestic demand (Massari and 
Ruberti, 2013; Baroncini, 2012; Ting, 2011; Seaman, 2010). 
Given these circumstances, many solutions were considered by developed countries to 
overcome the shortage of REEs, since relying on supply from one country is risky for 
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them (Abraham, 2015). One of the options was bringing non-Chinese REEs mines4 into 
the market (McLellan et al., 2013), for instance, reviving the Molycorp Mineral 
Corporation5 in the Mountain Pass project in California, USA and the extension of Lynas 
Corporation6 in Mt Weld of Western Australia with further processing in Malaysia. The 
existence of these two mines was expected to increase global output, while China’s loss 
in a dispute of violating international trade law in March 2014 was expected to lead to an 
easing of its tight supply policies (Stegen, 2015). Together, these developments were 
expected to lower REEs prices in the world market (Reuters, 2014). This, however, might 
affect the viability of the two new mines, Molycorp and Lynas. A low price means a low 
profit for the companies. Indeed, Molycorp has filed for bankruptcy (Miller and Zheng, 
2015), while Lynas is struggling to operate its company profitably, given the current low 
REEs prices (Miller, 2015; Robins, 2015; Stevenson, 2014; Worstall, 2014).  
 
1.3 THE PROBLEM  
 
The importance of REEs (discussed in detail in Chapter 2) and the shortage of their supply 
due to China’s policies led, among all, to the establishment of a rare earth plant in Pahang, 
Malaysia, known as Lynas Advanced Material Plant (LAMP). Lynas is an Australian rare 
earth mining company which is listed in the Australian Security Exchange (ASE). It has 
two major operations: a mining and concentration plant in Mount Weld, Western 
Australia and a refining plant in Malaysia. Lynas claims to be a company that emphasises 
people safety, honesty, transparency and respect, and contributes positively to the 
community (Lynas Corporation Limited, 2008). Lynas stated that its operation brought 
in foreign direct investment (FDI) of RM2.5 billion into Malaysia’s economy and created 
over 350 jobs, with a multiplier effect created through its economic cycle (Lynas 
Corporation Limited, 2009). Malaysia was chosen because the site has the advantages of 
a well-established industrial park with good access to port facilities, has reliable power 
and chemical supply, an available skilled and competitive labour force, as well as 
                                                          
4Mining can be defined as a set of activities and tasks necessarily to exploit natural resources at a 
profitable rate. These activities include exploration, extraction, processing, loading and transportation to 
related markets (Parra et al., 2011, p. 13). Mining can also be limited to two activities: extraction and 
processing phases (Borregaard and Dufey, 2002).  
5 An American Rare Earth mining company, which is listed in the New York Stock Exchange. This 
corporation used to be the main supplier of the world’s REEs (Humphries, 2012; Grasso, 2013). 
6 An Australian company, trading in the Australian Securities Exchange with two main operations: 
mining and refining of REEs. 
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favourable investment climate provided by the Malaysia’s government (Zandi, Sulaiman 
and Dzulkefli, 2011). 
The Malaysian government views investment in the rare earth industry as an opportunity 
that could bring benefits to the economy (Chingkuala, 2014). Thus, it has granted a 12-
year tax holiday to the company due to its ‘pioneer’ status. It is a common practice for 
developing countries to design a policy to attract FDI to develop its profitable sectors 
(Ticci and Escobal, 2015). The benefit gained is not only from an economic perspective 
(job creation and high FDI), but is also derived from technological transfer and skill in 
handling advanced machines. Since REEs are in demand by many industries, it is believed 
that this plant might attract ancillary industries, with potential investors and buyers 
associating with Lynas. According to Fifarek et al. (2008), offshoring technological 
innovation from developed countries can result in a long-term economic benefit of 
gaining comparative advantage in REEs processing as a result of research and 
development programs, like in the case of China and the USA, even though in the short 
run, the benefits are biased towards the company and the home nation.  
To ensure that Lynas is beneficial for the nation, the Malaysian government required 
Lynas to provide an Environmental Impact Assessment (EIA). The Department of 
Environment (DOE)7 approved the EIA and confirmed that Lynas’ plant complies with 
the required standards (Ministry of International Trade and Industry, 2011). The 
government also appointed the International Atomic Energy Agency (IAEA) to conduct 
an independent review of the radiological impact assessment for the Lynas project. They 
found that the company complies with the international radiation safety standards, with 
some recommendations given to LAMP8 and the government9 (International Atomic 
Energy Agency, 2011). A Parliamentary Select Committee (PSC) was established to 
discuss the issue of safety, health and environment related to LAMP project, and this 
committee too was reportedly satisfied with the project (Lynas Corporation Limited, 
2012; Sean, 2012; Sen and Palani, 2012). The Malaysian government also appointed the 
Malaysia’s Atomic Energy License Board (AELB) to monitor the radiological and 
environmental impacts of LAMP in all stages: construction, operations, transportation, 
                                                          
7 It is the implementing agency for the Environmental Quality Act 1974. 
8 IAEA advised Lynas to submit its waste management plans before starting the operation. 
9 IAEA advised the Malaysian government to give more resources (human, financial, technical) to AELB 
to conduct regular monitoring of Lynas’s operation. 
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waste management, dismantle of the plant during its closure, and restoration of the 
environment to its normal state.  
However, extracting and refining of REEs are not without risks to both humans and the 
environment (USEPA, 2012a; Schüler et al., 2011; Seaman, 2010). For example, China’s 
operations cause air, water and soil pollution, which have affected livestock and humans’ 
health, impacted the environment and the livelihood of the nearby residents (Kaiman, 
2014; Bradsher, 2013; Ives, 2013; Klinger, 2013; Buckley, 2010a; Hurst, 2010; Chen et 
al., 2004). Various diseases such as cancer, respiratory diseases and dental loss (Schüler 
et al., 2011) were also more prevalent in the mining areas, compared to the non-mining 
areas. Therefore, based on the legacy of Chinese REEs plants, some local people in 
Pahang perceive that LAMP poses a threat to the environment, human health and 
livelihood of the local community. With regard to the environment, there are two factors 
that support such beliefs: i) poor structural integrity of waste storage, and ii) improper 
waste management. The first issue was raised by Lynas consulting engineers in the New 
York Times, regarding the possibility of serious environmental contamination arising 
from this problem (Bradsher, 2011b, p. b1).10 Two different in-depth studies were 
conducted by a senior researcher from the National Toxic Network Australia11 and a 
chemist from the Öko-Institute V12 in Germany on LAMP’s operations. Both studies 
argue that a poor (not leak-proof) liner system of the waste storage facility might result 
in radioactive and toxic leakage into the groundwater even under normal operating 
conditions (Schmidt, 2013, p. 93) and is likely to be breached by unfavourable 
environmental conditions13 (Bell, 2012, p. 14).  
In addition to structural problems, LAMP, which is the world’s largest rare earth refinery 
plant built outside China (Bradsher, 2011a), is expected to produce radioactive wastes 
(Phua and Velu, 2012; Harvey, 2004). Schmidt believes that wastes are not being properly 
handled, contributing to air, ground water and water pollution (Schmidt, 2013). Air 
pollution arises due to the discharge of unfiltered dust from roasted rare earth oxalate in 
                                                          
10 For example, they stated that steel pipes ordered for the plant were not suitable for corrosive and 
abrasive slurry and their concrete tanks were also built using improper materials, increasing the chance of 
cracks. 
11Australian non-governmental organisation that supports community and environmental organisations in 
dealing with waste management and environmental health issues.  
12 Non-profit environmental research and consultancy institute in Germany that provides advice to 
policymakers, NGOs, institutions and companies based on their scientific studies. This organisation was 
requested by a local environmental group, ‘Save Malaysia, Stop Lynas’ to conduct a study on LAMP’s 
operations. 
13 Such as seismic activity, high annual rainfall and flooding, unstable geotechnical conditions and 
monsoon season. 
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the absence of the best available technology in treatment system to abate acidic gases 
which eventually contribute to high sulphuric acid emissions. Moreover, LAMP will 
discharge its waste water containing toxic elements into an open channel which flows to 
the Balok River and the South China Sea, and can also leak into the groundwater.  
Besides the environmental issue, some people are also concerned about health effects due 
to LAMP’s operations (The Guardian, 2012; Jegathesan, 2012). A by-product of REEs, 
thorium, is radioactive and on decay produces radioactive gases—radon and thoron (a 
radon isotope)—which are harmful to humans’ health. Radioactive gases cannot be seen, 
felt, heard or tasted, but they can affect people’s health, mainly through respiration (Lee, 
2011). In addition, radiation exposure is associated with a lowered immunity system, 
genetic damage manifested through birth defects and cancers such as leukaemia, cancer 
of the pancreas, brain, lung, kidney and large intestines, blood disorders like aplastic 
anaemia, benign tumours, cataract, rapid aging, low fertility, abortion, increased 
probability of getting heart diseases, diabetes mellitus, arthritis, asthma and severe 
allergies (Consumers Association of Penang, n.d.).  
The above problems related to environment and health are a source of fear for some locals 
(Gooch, 2012). This is because, in 1982, Malaysian people had a tragic experience with 
the Asian Rare Earth (ARE) project14 in Bukit Merah. This project caused severe 
contamination of the surrounding area due to inadequate waste management during 
processing of monazite ore for rare earth products (Yoshihiko, 2013). ARE produced 
radioactive wastes such as thorium (328 tons per year), uranium oxide (13 tons per year), 
as well as barium and radium (40–80 tons per year). In 1982–83, they had dumped their 
toxic wastes near a pond. It leaked into pond and rivers, which polluted the land and water 
sources. In addition, radioactivity level (gamma ray) around the dump sites was around 
50–730 times higher than the normal background (Ichikawa, 2005, cited in Wada, 2013) 
and affected the health of workers and nearby residents. Consequently, several health 
issues were reported, such as leukaemia, brain tumours and birth defects (Ngo, 2012). 
With the presence of LAMP, some people believe the tragedy of ARE will be repeated in 
Kuantan, Pahang (Lee, 2011). 
In addition to the perceived environmental and health risks, people are also concerned 
with  negative effects of LAMP on the local economy, in particular on the fishing and 
                                                          
14 ARE was a joint venture project between Japanese and Malaysian companies. Its largest shareholder 
was Mitsubishi Kasei. 
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tourism industry, through possible adverse effects on groups such as fishermen, farmers 
and small retailers, mainly focusing on food-related activities (Sithrapuhran, 2012; 
StopLynas.org, 2011). BBC News reported that the Balok River is a significant source of 
income for the local fishermen (Head, 2012). Although Lynas’ consultant, Environ 
Consulting service, denied15 the importance of this river for people’s livelihood (Environ 
Consulting Service, 2008), people’s incomes might be indirectly affected because they 
live near the plant site. For instance, in the past, they did not have to incur any costs to 
eat the fresh water fish or any aquatic species (such as clam or shrimp) from the river, but 
now they may have to buy it from the market due to the fear of contamination. Exposure 
to pollution through various channels including air (unfiltered REEs dust), water and 
groundwater (discharged effluents in an open space without installing a pipeline, causing 
leakage to the groundwater) may affect the quality of local production. Even though the 
adverse effects on the environment are not apparent, or cannot be felt or seen in a short 
period of time, people’s perceptions that local production is unsafe might harm the 
livelihood of these people (Harakah Daily, 2011).  
Concern over the adverse effects of LAMP on the environment, human health and 
livelihood of the affected people motivated the local community to become involved in 
various forms of protests, such as mass sit-ins, marches, demonstrations, petitions and 
campaigns, both locally and internationally. The protest started in November 2008 when 
Fuziah Salleh, the vice president of Parti Keadilan Rakyat16 launched a campaign called 
‘Stop Lynas Rare Earth Refinery’. However, the protest started getting people’s attention 
in early March 2011 due to the article published in the New York Times and to the 
Fukushima accident17 on 11 March 2011. In addition to the ongoing protest, the possible 
detrimental effects of LAMP were widely discussed on social media such as Facebook, 
Twitter and blogs which in fact hampered and delayed LAMP’s operations in 2012 (Head, 
2012; The Malaysian Insider, 2012). According to LAMP CEO Nicholas Curtis, “We 
probably didn’t recognize the power of the social media to create an issue…and these 
delays are costing us a significant amount of money….” (The Malaysian Insider, 2012).   
 
                                                          
15 They stated in the preliminary environmental impact assessment that the local fishermen are not relying 
on the Balok River and this river is claimed to be used occasionally by some people for their hobbies. 
16 This is the opposition party, and the current government is ruled by the Barisan National (BN). 
17 The Japanese nuclear power plant was hit by an earthquake and started releasing massive amounts of 
radioactive materials. This accident has contaminated water and the cleanup process may take several 
years. 
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1.4 OBJECTIVES  
 
Based on the issues identified above, this dissertation investigates people’s psychology, 
environment and economic impacts due to establishment of LAMP. Specifically, it has 
three mains objectives. Firstly, it analyses local people’s perceptions of LAMP’s 
environmental effects. Their perceptions of LAMP’s effects are evaluated for both the 
short and long term. Public perceptions (a subjective measure) is then compared with data 
on pollution emitted by LAMP (an objective measure) and experts’ views. Additionally, 
factors that influence public perceptions are also examined. 
The second objective is a continuation of the first objective. It examines the effect of 
perception and actual pollution discharged by LAMP on people’s behaviours. The local 
community might undertake protective action or averting behaviour to mitigate exposure 
to LAMP, if they believe it to be detrimental. The intensity of averting behaviour can also 
be measured in terms of avoidance costs or averting expenditure incurred by the 
community.  
The third objective also relates to people’s perceptions. In particular, it investigates the 
effect of perception and LAMP’s actual pollution on property prices using two data: 
secondary and primary. A decrease in the property prices, if it occurs, as a result of 
establishment of LAMP indicates a value that people put on the environmental quality 
and hence may give an indication of how much they are willing to pay for avoiding any 
negative effect of the pollution. 
 
1.5 MOTIVATION AND SIGNIFICANCE 
 
Rare earth issues are located at the intersection of several, often contradictory, forces. On 
one hand, REEs promote ‘green technology’ which may help to reduce one type of 
environmental problem, climate change. For instance, wind turbines created using REEs 
can convert wind to generate electricity. On the other hand, they raise another type of 
environmental problem via the production process and waste problems, since the waste 
contains radioactive, toxic and hazardous elements which may cause land, water and air 
pollution (REUTERS, 2010; Academy of Sciences Malaysia and the National Professors’ 
Council, 2011). 
The significance of this dissertation arises from the role of REEs in modern civilization. 
A shortage in its supply affected many parties especially Japan, United States and the 
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European Union, and various methods have been adopted to solve this problem. Several 
conferences (Alaska REEs conference 2011, International symposium on REEs in 2012, 
UQ rare earth minerals symposium in 2013) were conducted to discuss this issue. 
Numerous studies also have been undertaken recently with regards to REEs (Stegen, 
2015; Zhang et al., 2015; Bartekova, 2014; Kingsnorth, 2013; Massari and Ruberti, 2013; 
Grasso, 2013; Humphries, 2012), their potential applications, particularly in the field of 
science (He et al., 2017; Yi et al., 2017; Hastir et al., 2017; Song et al., 2017), and the 
health risks associated with their mining and processing activities (Li et al., 2013; Wei et 
al., 2013; Chen et.al., 2004; Porru et al., 2000; Zhang et al., 2000a, 2000b; Sabbioni et 
al., 1982).  
However, despite two decades of the existence of REEs mining and processing plants 
(Massari and Ruberti, 2013; Seaman, 2010) and awareness of the possibility of severe 
damage to society and the ecological system (Kaiman, 2014; Bradsher, 2013; Klinger, 
2013; Ting and Seaman, 2013; State Council, the People’s Republic of China, 2012; 
Hurst, 2010; Buckley, 2010a; Xu and Liu, 1999), no study has been conducted regarding 
people’s perceptions of these adverse effects. Thus, this dissertation contributes a 
psychological aspect (perception) to the literature of REEs. 
The study of perception is important because it has an impact on people’s behaviours (Shi 
and He, 2012). Human behaviour is based on perception of what seems real, and not 
merely on reality itself (Pickens, 2012; Robbins, 2001). When people perceive that there 
is a risk or negative effect associated with some activities, in normal circumstances they 
will respond in order to mitigate the risks perceived (Brewer et al., 2004; Sjöberg, 1999; 
Slovic et al., 1981). Actions taken in response to public perceptions will have 
consequences in terms of costs borne by the public per se, the industry and the policy 
makers. For instance, Löfstedt and Renn (1997) reported that Exxon Corporation has 
suffered a financial loss due to the consumers’ boycott as a result of the Valdez pollution 
disaster.  
In some studies (Obiri et al., 2016; Wright et al., 2014; Vázquez et al., 2010; Dogaru et 
al., 2009; Faulkner et al., 2001), perception analyses were found to be consistent with 
laboratory analyses. It is important for policy-makers to take into consideration the 
information collected from people’s opinions. This is because in some cases, like a newly 
built polluting factory, scientific18 studies provide less information or assistance to inform 
                                                          
18 Scientific term used in this dissertation mainly refers to medical and laboratory tests. 
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the public or policy makers about the risks associated with it due to the low-dose of 
pollution produced. According to Faulkner et al. (2001), proximity to the polluting site 
and daily observation on waste produced were more likely to help people perceive the 
impacts correctly. Pidgeon (1998) also agreed that although people’s perceptions may be 
based on incomplete information, have some errors, and be transient and biased, they may 
provide relevant information regarding their daily risks of exposure.  
This dissertation will add a new aspect to the existing literature of REEs, namely that of 
human behaviour and economic impacts. It is also an interdisciplinary study which relates 
the human psychological aspect with the economic costs of the rare earth processing 
plant. Even though there are several studies looking at people’s perceptions to mining in 
areas like coal and gold mining (Wright et al., 2014; Charles et al., 2013; Vázquez et al., 
2012; Dogaru et al., 2009; Heemskerk and Oliviera; 2003), in averting behaviour study 
(Um et al, 2002; Hanley et al, 2001), as well as in housing price study (Neelawala et al., 
2012), they look at these matters separately, without linking the perceived impacts of 
mining on people’s behaviours and housing prices. By doing that, the previous studies 
overlooked or underestimated the consequences of perceived environmental damage on 
community’s well-being. Thus, this dissertation aims to fill the gap in the literature.  
Lastly, this dissertation aims to provide information to the concerned parties—the local 
community, Lynas Company and the government. The local community is concerned 
about the economic loss they may face due to the existence of Lynas’ plant, for example, 
if there is a reduction in property prices. The company, on the other hand, needs to know 
how the public, which comprises of both Malays and non-Malays, perceives the company 
and its activities. People’s perceptions are important for sustainability of LAMP because 
negative perception of the company might motivate people to take actions which 
eventually affect the company’s profit. For example, public protest caused delays for the 
company in starting its operations, and this delay were costing them some money (The 
Malaysian Insider, 2012). Some studies also showed that public disquiet may affect the 
company’s performance (America, 2009; Bebbington et al., 2008; Tönnies, 2007). 
Meanwhile, the government also needs to know about the whole scenario: people’s 
perceptions and its impact on economic costs borne by the villagers. This is because the 
government allows the operation of the company in the local area; thus, it is responsible 
for ensuring that its decision is beneficial to the public.  
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1.6 SCOPE OF THE INVESTIGATION 
 
This dissertation mainly focuses on the state of Pahang, specifically Beserah (the affected 
area) as well as the non-affected areas of Semambu, Tanjung Lumpur, Inderapura and 
Teruntum. However, these non-affected areas are located close to the affected area and 
they provide a reference point in the analysis of this dissertation. It only focuses on the 
rare earth plant, while other chemical and heavy industries located in Beserah are not 
analysed in this dissertation. Last, although many possible areas can be studied and 
explored in relation to the impact of the rare earth plant, this dissertation only deals with 
its psychological, environment and economic impacts, as these disciplines are still scarce 
inputs in the literature of REEs.  
 
1.7 ORGANISATION  
 
This dissertation is divided into three main sections: studies on perception; averting 
behaviours; and housing prices.  
Chapter two presents an introduction to REEs which discusses in a detailed manner its 
definition, history, significance and market system. In addition, some related risks 
associated with these elements are described, and scientific studies are provided to 
support the claims. This chapter aims to give a clear picture about REEs and information 
related to these minerals.  
Chapter three provides theories and methodologies employed in this dissertation. Models 
and hypotheses for the whole dissertation are briefly explained in this section. It also 
discusses the source of data, selection of study areas, sample size and the methods of 
conducting the survey. In addition, it clarifies the questionnaire design and data analysis.  
Chapter four introduces the issue of perception. A review of previous studies on 
perception is provided to guide and shape the objective of this chapter. This chapter 
explains people’s perceptions of LAMP in general as well as specific contexts. It also 
looks at the consistency of results from people’s perceptions (a subjective measure), 
experts’ views—the authority (the Department of Environment and the Atomic Energy 
Licensing Board), the industry as well as external experts appointed by the local NGOs—
and the actual pollution emitted by LAMP (an objective measure) in terms of air river and 
soil quality. The role of source of information received by respondents in influencing their 
perceptions is also examined.  
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Chapter five focuses on averting behaviours in response to perceived and/or actual 
pollution produced by LAMP. A theoretical framework on averting behaviours and 
several related literature reviews regarding this topic are discussed. This chapter aims to 
discover preventive actions taken by the respondents to avoid exposure to LAMP. It also 
calculates economic cost/loss associated with people’s actions and the extent of their 
actions on others’ earnings. For instance, if people choose not to consume local goods 
like fish, the earning of local fishermen may be affected. Factors affecting locals’ averting 
behaviours are explained.  
Chapter six examines the impact of people’s perceptions of pollution and actual pollution 
emission on the house prices as a number of studies found a significant negative effect 
between perceived/actual pollution on the property prices. This chapter provides the 
theoretical framework, literature review and the methods used in this dissertation. This 
chapter employs two sources of data (secondary and primary) and two methods (ordinary 
least squared and difference-in-difference) to analyse the impacts of the establishment of 
LAMP in Kuantan.  
Chapter seven is the conclusion of this dissertation. It gives a brief summary of all 
chapters and provides the main findings of the dissertation. It also discusses about the 
strength and limitation of this dissertation. Some suggestions and recommendations to the 
concerned parties to improve the current performance are also discussed. Lastly, it 
proposes some guidelines for further research.  
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CHAPTER 2 
 
RARE EARTH ELEMENTS: THEIR MARKET, SIGNIFICANCE AND RISKS 
 
2.1 INTRODUCTION 
 
This chapter provides a detailed description of rare earth elements (REEs). It starts by 
giving the definition of rare earth elements. It then explains the history of REEs, showing 
the improvement of rare earth functions as time goes by. Applications and significance 
of REEs for the modern world are elaborated using two tables. This chapter also discusses 
REEs market consisting of demand for and supply of REEs and their market prices. 
Because REEs are ingredients in many technological appliances, the availability of rare 
earth reserves should be known to see the opportunity of developing and processing them. 
It also describes the current production of REEs inside and outside China, showing the 
dominance of China in rare earth production and limitations of other producers outside 
China and challenges faced by newcomers in rare earth industry. In addition, the life cycle 
of REEs, the risks of mining and processing the material are also clarified. Moreover, 
Chinese’s example of suffering ecological damage and health problems associated with 
REEs production is described. Last, this chapter also provides scientific evidence 
showing a relationship exists between REEs production and its effects on humans’ health. 
 
2.2 DEFINITION OF REEs 
 
Rare earth elements are a series of 17 chemical elements that consist of 15 lanthanides, 
plus scandium (Sc) and yttrium (Y), as shown in Table 2.1 (Schüler et al., 2011). These 
fifteen lanthanides are lanthanum (La), cerium (Ce), praseodymium (Pr), promethium 
(Pm), neodymium (Nd), samarium (Sm), europium (Eu), gadolinium (Gd), terbium (Tb), 
dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), ytterbium (Yb), and 
lutetium (Lu). In contrast to its name,19 the total quantities of REEs are relatively 
abundant (British Geological Survey, 2011). However, they are known as ‘rare’ because 
although they are widely spread, they are only found in low concentrations in the earth’s 
crust (Grasso, 2013; Hurst, 2010). That is the reason they are extracted as co-products or 
                                                          
19The term ‘rare’ has been given because when REEs were first discovered, Johann Gadolin, a Finnish 
chemist, physicist and mineralogist, thought they were only present in a small amount in the earth’s crust, 
while the term ‘earth’ came to be used due to its earthly appearance (Long et al, 2011).  
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by-products of other minerals (McLellan et al., 2014), such as iron, copper and gold 
(International Electronics Manufacturing Initiative, 2014). In fact, the largest source of 
REEs, Bayan Obo in Inner Mongolia, is an iron-ore mine (Koltun and Tharumarajah, 
2014; N.V., 2010). 
REEs indeed are not rare, because according to Wübbeke (2013), even the rarest elements 
occur more often than gold and silver. For example, thulium and lutetium are about 200 
times more common than gold (N.V., 2010; U.S. Geological Survey, 2002). In addition, 
extracting and refining REEs into economically viable products is difficult and expensive 
(Nieto et al., 2013; Grasso, 2013). REEs have similar chemical properties (USEPA, 
2012a; Seaman, 2010) and tend to be clumped together in rocks. Thus, the process of 
extracting, separating and refining them is not easy (N.V., 2010; Neary and Highley, 
1986). It involves both energy and chemical intensive processes (Jowitt, 2013).  
Table 2.1 shows the categories20 of REEs. In general, REEs can be divided into two 
groups: i) light rare earths, which refers to their lower atomic numbers (Abraham, 2015) 
and covers La, Ce, Pr, Nd, Pm and Sm, and ii) heavy rare earths, which includes Eu, Gd, 
Tb, Dy, Ho, Er, Tm, Yb, Lu, Sc and Y. Light rare earths are typically more abundant 
(Bartekova, 2014; Binnemans, 2014; Kanazawa and Kamitani, 2006; Neary and Highley, 
1986) and more concentrated,21 comprising approximately 80 to 90 per cent of a total 
deposit, than heavy rare earths. In contrast, heavy rare earth are scarcer,22 but are more 
desirable and valuable (Yang et al., 2013; Gordon, 2010) as they are needed in advanced 
and green technology (Stegen, 2015; Humphries, 2012; Avalon Rare Metals Inc., 2011). 
Nevertheless, heavy rare earths are more complex to process compared to the light rare 
earths (Bartekova, 2014). 
                                                          
20 Some studies classify these elements differently. For instance, Grasso (2013) considered Eu and Sc as 
heavy REEs, but according to Schüler et al. (2011), these two elements fall under light rare earth. 
21 Particularly La, Ce, Pr and Nd. 
22 Especially Eu, Tb and Dy. 
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Table 2.1 Periodic table 
 
 Source: Schüler et al. (2011), p.2. 
There are more than 200 rare earth deposits,23 but only a few forms of rare earth minerals 
are considered feasible for extraction. These are bastnaesite, monazite and xenotime 
minerals (USEPA, 2012a) and ion-adsorption clays (Binnemans, 2014). According to 
USEPA (2012a), the most abundant among the three is bastnaesite, which is typically rich 
in light rare earths (particularly Ce and La), whilst the other two minerals can occur 
together. Monazite is rich in light rare earths (such as Ce, La and Nd) and can contain 
heavy rare earths (Y) as well. However, its ore contains a high concentration of Thorium 
(Th). The monazite ore could contain more than 12 weight percent of Th (Binnemans, 
2014). Th is considered radioactive and its waste disposal can be very costly (Hedrick, 
2001). Xenotime mineral, on the other hand, has a higher ratio of heavy rare earths (Tb, 
Lu and Y) compared to monazite (British Geological Survey, 2011). However, Th and 
uranium are not present in a significant amount in xenotime. It is normal for most soils, 
rocks and water to contain small amounts of radioactive elements, known as NORM, or 
‘naturally occurring radioactive materials’ (USEPA, 2012a; U.S. Geological Survey, 
1999).  
 
                                                          
23 Oxides (aeschynite, euxenite, fergusonite, samarskite), carbonates (ancylite, bastnasite, parisite, 
aynchisite, tengerite), phosphates (britholite, florencite, monazite, xenotime), silicates (allanite, kainosite, 
thalenite), et cetera. 
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2.3 HISTORY OF REEs 
 
The use of REEs had been recognised a long time ago (Du et.al, 2015; Binnemans, 
2014; Jepson, 2012; Hurst, 2011). 
 1880s: Rare earth salts were used in the incandescent lamp mantle industry and 
later as a small application in lighter flints and glass decolouration.  
 1930s: REEs were applied in fluorescent lighting tubes as a phosphor.  
 1949: Discovery of Mountain Pass deposit in California, USA, opened up the rare 
earth metals market. The mine started its operation due to the invention of 
television which required europium and terbium as the phosphor.  
 1960s: Cerium and lanthanum were used in the production of glass and various 
catalysts. 
 1970s: Samarium became popular for the samarium-cobalt permanent magnet.  
 1980s: REEs became a global commodity as they were widely used in computers, 
mobile phones, auto catalysts and fibre optic communication systems.  
In the 21st century, REEs are used in miniaturisation of advanced technology, promoting 
energy efficiency and improving environmental protection (Rare Earth Technology 
Alliance, 2013; State Council, the People’s Republic of China, 2012). REEs provide an 
essential component in many modern technologies due to their unique physical and 
chemical properties (Du and Graedel, 2013). The uniqueness of rare earth properties can 
be seen, for instance, by adding them to permanent magnets, where they provide 
resistance to demagnetisation at high temperatures (Stegen, 2015). In addition, rare earth 
intermediate products (for example, magnets) can be incorporated into final products such 
as wind turbines, hybrid electric vehicles or defence applications, where REEs provide 
performance that is irreplaceable by other materials (Stone, 2009). 
 
2.4 APPLICATION AND SIGNIFICANCE OF REEs 
 
Each of the REEs have their own characteristics and thus serve different functions. The 
uses of REEs can be seen in Tables 2.2 and 2.3. Based on these two tables, it is evident 
that REEs products take two main forms: intermediate and final products. Hence, their 
applications can be found in two different markets. For the intermediate products, REEs 
are typically demanded by the producers or manufacturers. They use REEs as components 
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or ingredients to produce other products. Meanwhile, final products are mainly used by 
the customers, who gain utility from using these products.  
Table 2.2 shows the individual components of REEs and their functions in producing 
intermediate products. The words written in bold for the individual REEs refer to the 
components that are used in clean energy technologies. In other words, these elements 
may have a high demand in future, because according to Tietenberg and Lewis (2012), 
when countries improve their economic conditions, the income of their people will also 
increase, and thus, people will be willing to pay more to ensure better environmental 
quality. Governments are expected to tighten their policies in response to consumer 
demand. Consequently, the producers and manufacturers may have to use and sell green 
technology products.   
Table 2.2 Intermediate products 
Light REEs Major End Use Heavy REEs Major End Use 
Cerium – 1st 
most 
abundant 
Metal alloys 
(metallurgy), catalyst, 
petroleum refining, 
glass and glass 
polishing, ceramics 
products, silicon 
microprocessors, 
phosphors, chemical 
oxidising agent, carbon 
lighting and 
rechargeable batteries 
(NiMH). 
Gadolinium   Magnets, computer 
memories, high 
refractive index glass, 
laser neutron capture, 
nuclear fuel bundles, 
glass additive, hosts for 
x-ray cassettes, 
scintillator materials for 
computer axial 
tomography, lamps 
phosphors, tumours 
treatment in neuron 
therapy, assists cancer 
diagnosis and bone 
density test. 
Lanthanum 
– 2nd most 
abundant 
Metal alloys, hybrid 
engines, Fluid Catalytic 
Cracking catalysts, 
green phosphors, 
Terbium Additive to permanent 
magnets, phosphors, 
projection televisions, 
x-ray phosphor, 
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rechargeable batteries 
(NiMH), x-ray films, 
lasers, waste water 
treatment, carbon 
lighting, hydrogen 
storage, glass and 
optical glass. 
ceramic products, laser, 
electric motors, weapon 
systems and magneto-
optic recording films.  
Neodymium 
– 3rd most 
abundant 
Catalyst, petroleum 
refining, permanent 
magnets24 (NdFeb), 
hybrid engines, lasers, 
glass colouring and 
tinting, dielectrics, 
ceramic capacitors and 
astronomical 
instruments. 
Dysprosium  Permanent magnets 
(NdFeB), ceramic, 
lighting, lasers, optical 
formulations additives, 
nuclear reactors and 
electric motors. 
Samarium25 Permanent magnets 
(SmCo), reactor control 
rods, laser applications, 
aerospace equipment, 
drug treatment in lung, 
prostate, breast and 
bone cancer, catalyst, 
electro-mechanical 
relays, neutron capture, 
masers, microwave 
technology and servo 
motors. 
Holmium Medical and dental 
applications, glass 
colouring, magnets, 
nuclear control rods, 
microwave equipment 
and lasers 
Praseodymiu
m 
Permanent magnets, 
glass and ceramic 
Erbium  Phosphors, glass and 
glass colouring, optical 
                                                          
24 It is used with praseodymium to create the strongest magnets. 
25 In the early 1970s, samarium-cobalt magnets replaced the platinum-cobalt magnet (which was more 
expensive), but now they have been superseded by neodymium-iron-boron magnets (which was less 
expensive).  
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products, NiMH 
batteries, airport signal 
lenses, photographic 
filters, scintillator 
materials for computer 
axial tomography scans, 
aircraft engines. 
amplifier, medical and 
dental lasers and 
nuclear applications 
Promethium26 Mainly for research 
purposes, portable x-ray 
source, beta radiation 
sources, fluid-fracking 
catalyst, lasers 
applications and 
thermoelectric 
generators. 
Ytterbium Fibre amplifier, fibre 
optic technologies, laser 
applications, solar 
panels, earthquakes and 
nuclear explosions 
monitors, radiation 
source for portable x-
ray units, cancer 
treatments and steel 
alloys. 
Europium Red colour television 
and computer screen 
phosphors, medical, 
surgical, weapon 
system, communication 
devices, glass additives, 
nuclear control 
applications, nuclear 
magnetic resonance 
shift reagents, lasers, 
mercury-vapour lamps 
and biochemical 
applications 
Lutetium  X-ray phosphors, 
optical fibre, positron 
emission tomography 
(PET) scan detectors, 
cancer treatments, high 
refractive index glass, 
catalysts in petroleum 
refining and reveal the 
age of ancient items. 
                                                          
26 This element does not occur naturally as do the others and must be produced in laboratories. It is used 
to create a nuclear-powered battery that could have a life of up to 5 years. 
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Scandium  Metallurgy, various 
optical coatings, 
ceramic, phosphor, 
metal alloys for 
aerospace industry and 
additive in mercury-
vapour lamps. 
Yttrium  Phosphors, 
superconductors, 
stainless steel alloys, 
electrodes, electrolytes, 
electronic filters, 
thermal plasma sprays, 
microwave 
communication 
equipment, laser 
applications, solar 
panels, optical coating, 
thin film applications, 
metallurgy, fluorescent 
lamps, ceramics, metal 
alloy agents, 
microwave filters, 
yttria-stabilised 
zirconia, cancer and 
arthritis treatments and 
fuel efficiency. 
  Thulium Magnets, blue light in 
flat panel screens, 
radiation device in 
portable x-ray 
machines, lasers in 
defence and medicine 
and meteorology.  
Adapted from: Swift et al. (2014), International Electronics Manufacturing Initiative 
(2014), Jowitt (2013), Humphries (2012), USEPA (2012a), Jepson (2012) and Australian 
atlas of mineral resources, mines and processing centres (2013). 
Most products in Table 2.2 do not clearly indicate the importance of REEs in consumers’ 
lives. Thus, it appears as though the problem of REEs shortage might have no impact on 
them. However, if the consumers learnt that their daily commodities such as air 
conditioners, microwaves, computers, watches or even their health equipment are reliant 
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on REEs, and a shortage of REEs would mean less availability of these products, it would 
definitely make everyone worried. Shortage of REEs also means that the change towards 
developing green technologies to slow climate change will become more limited. Electric 
cars, wind turbines and solar panels created from REEs can help to convert natural 
resources such as sun and wind into the power that fuel energy in people’s lives 
(Abraham, 2015). Nonetheless, not everyone knows about the significance of REEs, 
unless they are in this business. Therefore, Table 2.3 presents some final products that are 
known by consumers which are created from REEs. 
 
Table 2.3 Final products 
Intermediate products Final products 
Magnets 
(Nd, Pr, Sm, Tb, Dy) 
Hybrid electric vehicles (HEVs), Electric Vehicles (EVs), 
aircraft, wind turbines, earphones, mobile phones, cameras, 
smart bomb, refrigerators, watches and  air conditioners.  
Phosphors 
(Eu, Y, Tb, La, Dy, Ce, 
Pr, Gd) 
Energy efficient fluorescent lights (energy saving light), 
Liquid Crystal Display (LCDs) TVs, monitors, cathode-ray 
tube (CRT), Magnetic resonance imaging (MRI) machines. 
Metal alloys 
(Ce, La, Nd, Pr) 
Aerospace and military hardware, hybrid cars, sport 
equipment. 
Glass, polishing & 
ceramics 
(Ce, La, Nd, Er) 
TVs, mirrors, monitor screens (CRT, LCD & plasma), 
telescopes and camera lenses. 
  Adapted from: Stegen (2015), Schüler et al. (2011) and Mancheri (n.d.).  
Due to their importance in today’s technology, some REEs are classified as ‘strategic’ 
and ‘critical’ minerals,27 especially for countries such as the USA, the Europe, Japan and 
even China (McLellan et al., 2014), as REEs’ functions are irreplaceable in numerous 
applications (Abraham, 2015). In June 2010, the European Commission listed REEs as 
one of the critical metals due to the vital role they play in industries, and their vulnerability 
or possible shortages (Massari and Ruberti, 2013). The National Science and Technology 
Council (NSTC) also considers REEs to be critical materials. The term ‘critical’ is defined 
                                                          
27 Note that not all REEs are equally valuable; some are more critical than others (Stegen, 2015).  
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by the NSTC as substances that have essential functions in the manufacturing of products, 
where the absence will cause substantial social consequences, and the supply is vulnerable 
to disruption (Nieto et al., 2013). 
 
2.5 DEMAND AND SUPPLY OF REEs 
 
Rare earth metals are used as an input in production; therefore, consumers and 
manufacturers indirectly demand rare earths through their intermediate/final products. 
Thus, the increase in consumers’ demand for these products contributes to the increase in 
demand for REEs (Humphries, 2012). Theoretically, price and income growth are the 
main factors for growth in demand for consumer goods (Humphries, 2012). However, 
there are also a few other significant determinants, inter alia, for REEs consumption such 
as global economic growth, technological innovations and ‘green technologies’ (Massari 
and Ruberti, 2013; Grasso, 2013; Schüler et al., 2011; Massachusetts Institute of 
Technology, 2010a; Reuters, 2010). These variables have contributed to the increase in 
the demand of REEs and in turn have created a fast-growing world market for REEs. 
According to Abraham (2015, p. 13):  
Our demands are now pushing against the buds of what we can sustainably 
produce. Fluctuations in the complex supply line will affect society in 
unpredictable ways. New supplies of dysprosium could speed the development of 
highly efficient wind turbines, and conversely, a lack of it could drive up the cost 
of hybrid vehicles. It’s no understatement to say that our use of rare metals will 
determine the fate of the planet. 
Abraham (2015) also noted that a rapid increase in innovation will affect demand for 
REEs at a far faster pace than planning and building mines can supply. Graph 2.1 displays 
the rare earths demand and supply for China, the rest of the world (ROW) and the global 
total. In the first three years, the graph shows an upward trend for the global demand and 
supply of REEs. However, during 2009, there was a global recession, causing a drop in 
supply and demand. The following years up to 2013 showed instability in the market, 
mainly attributed to Chinese policies on REEs restriction. Nonetheless, Kingsnorth 
(2013) expected that from 2014 onwards, the demand and supply would increase 
gradually. It is also noticeable that there was a surplus in REEs production from 2006 to 
2009 as the quantity of demand was lower than the quantity supplied (5,000-39,000 tons). 
Demand started to surpass the supply in 2010 and plateaued in 2014 before marking an 
excess in REEs production once again. The excess may be due to China’s eased policies 
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due to its failure in the WTO case, establishment of new mining, and lesser use of REEs 
by certain companies (International Electronics Manufacturing Initiative, 2014). 
Graph 2.1 Global rare earths supply and demand 2006–2020 (tons, rare earth 
oxides)28 
   
Adapted from: Kingsnorth (2014). ‘f’ refers to projected numbers.  
In addition, it is also evident in Graph 2.1 that China is the biggest supplier (more than 
95 per cent) as well as the largest consumer (more than 50 per cent) of REEs compared 
to the rest of the world. Specifically, REEs global demand in 2010 and 2018 are classified 
in Chart 2.1. 
Chart 2.1 World application of rare earth elements in 2010–18 
 
Adapted from: Humphries (2012) and Statista (2016). 
Based on these two pie charts it can be seen that magnets, catalysts, metal alloys and 
polishing are the major uses of REEs recorded in 2010 and projected for 2018, and 
                                                          
28The data exclude illegal mining and processing in China. 
0
20000
40000
60000
80000
100000
120000
140000
160000
180000
200000
220000
2
0
0
6
2
0
0
7
2
0
0
8
2
0
0
9
2
0
1
0
2
0
1
1
2
0
1
2
2
0
1
3
f
2
0
1
4
f
2
0
1
5
f
2
0
1
6
f
2
0
1
7
f
2
0
2
0
(p
re
lim
)
REEs Demand
Demand China Demand ROW
Demand Global
0
20000
40000
60000
80000
100000
120000
140000
160000
180000
200000
220000
2
0
0
6
2
0
0
7
2
0
0
8
2
0
0
9
2
0
1
0
2
0
1
1
2
0
1
2
2
0
1
3
f
2
0
1
4
f
2
0
1
5
f
2
0
1
6
f
2
0
1
7
f
2
0
2
0
(p
re
lim
)
REEs Supply
Supply China Supply ROW
Supply Global
26 
 
account for 74 per cent of the total applications. REEs which are involved in producing 
these goods, particularly dysprosium (magnets), terbium (magnets and alloys) and 
neodymium (magnets, catalysts and polishing) might be in high demand by the producers 
and manufacturers. Additionally, these three components are also used in green 
technologies, making them among the most popular elements in the REEs market. There 
are also other rare earth elements used in producing green technologies, such as cerium, 
lanthanum, europium, praseodymium and yttrium. For europium, its significance is not 
merely seen in green technology, as it is also widely used in televisions and laptop 
screens.  
 
2.6 PRICES OF REEs 
 
The following line graphs (Graph 2.2 a and b) depict selected29 REEs prices. Graph 2.2a 
shows the price of light rare earths, while Graph 2.2b displays the price of heavy rare 
earths. As elaborated earlier, there are numerous commercial applications of REEs, and 
their popularity has increased in the 21st century as they are needed in many hi-tech 
products. Thus, it is not an extraordinary phenomenon if the prices of these materials 
show a gradual rising trend as shown from 2001–2008.  
However, the steep increase seen in 2010 is not normal. The price hike was triggered by 
China’s policy of imposing an export quota on REEs. According to Massari and Ruberti 
(2013), the explosion in price was most likely driven by unreliable supply rather than by 
high demand. This is because the global economic recession in 2009 did not have a severe 
impact on the fall in price, apart from that of Terbium. Note that Graph 2.2 shows that the 
prices of heavy rare earths are much higher than light rare earths. This is due to their 
significant value and scarcity as explained in the earlier discussion. 
                                                          
29 The reasons for showing prices of certain REEs and not all elements is that, first not all prices are 
available given the specific period of time and, second these elements have major use in modern 
technology, thus, the fluctuation in their prices will be of greater interest to the concerned parties (Massari 
and Ruberti, 2013).  
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Graph 2.2 Price of light and heavy rare earth elements 
 
Source: Schüler et al. (2011, p. 39). 
 
According to Massari and Ruberti (2013), from the first to third quarter of 2011, the price 
of some REEs rose steeply; for example, the price of light rare earths per kilogram such 
as La, Ce and Nd increased from $75.9 to $117.68, $77.50 to $118.65 and $130.2 to 
$244.23 respectively. Meanwhile, the price of heavy rare earths per kilogram such as Dy, 
Eu and Tb increased from $412.9 to $2,032.31, $719.2 to $3,800 and $717.66 to 
$2,973.85. However, starting from quarter four in the same year, the prices of these 
elements fell steadily. This decline in prices might be attributed to the deflation of the 
speculative bubble (Massari and Ruberti, 2013) as well as the establishment of two new 
mining operations, one by Lynas in Malaysia and the other by Molycorp in California, 
which would increase the current and future supply of rare earths production 
(International Electronics Manufacturing Initiative, 2014). Hence, based on these 
circumstances, it is clear that REEs prices are not only dependent on supply and demand, 
they are also determined by speculation on supply shortage, and a low number of suppliers 
(Massari and Ruberti, 2013; UK Houses of Parliament, 2011; Schüler et al., 2011).  
The existence of a multi-supply system for REEs may reduce price hikes in the future, 
which can be deduced through the current fall in the price trend. Karayannopoulos, chief 
executive of Neo Material Technologies stated in Reuters (2010, p. 16) that, “with today’s 
price, a lot of stuff makes sense… but I also think prices at this level are unsustainable”. 
He believed that China has overreacted to reports on the pending shortage and will soon 
ease export quotas as they need to export the REEs when their domestic demand is 
satisfied. So, the price will be adjusted accordingly.  
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Karayannopoulos’ statement about REEs prices was supported by the recent data from 
2011 to 2016 (Fan, 2016; Mancheri and Marukawa, 2016). Prices for both light and heavy 
rare earths were peak in 2011 and gradually decreased until 2016. For Ce and La, their 
prices were about $100-140/kg in 2011, but they decreased from $20-90/kg in 2012 to 
$5-6/kg in 2016. Similarly to Nd, the prices were about $190/kg in 2011, but they dropped 
to about $60/kg in 2016. Meanwhile for heavy rare earths such as Dy, Tb and Eu, their 
prices reduced to more than half in 2013 (less than $600, $1000 and 1,100 respectively) 
from about $1500, $2300 and $2800 per kilogram in 2011. In 2016, their prices were even 
lower, $400-700 per kilogram. 
However, REEs prices are not easy to predict. International Electronics Manufacturing 
Initiative (2014) mentioned several mixed factors that determine the price of REEs. High 
demand for hard drives and wind energy, strong production trends of automobiles, 
increased regulation in the USA for fluorescent light lumens-per-watt output, and stricter 
Chinese environmental regulations coupled with cutting illegal exports might put pressure 
on the price and supply of REEs. Nevertheless, the establishment of two other rare earth 
mining organisations (Molycorp and Lynas), more than 450 rare earth projects globally 
under development, and China’s failure to appeal in the WTO case are all factors that are 
now causing them to drop their export tax.  
 
2.7 RESERVES OF REEs 
 
It is estimated that 34 countries possess rare earth deposits (Zhanheng, 2011). Table 2.4 
displays the global rare earth oxide reserves from 2009 to 2014. In 2009, China possessed 
approximately 36 million tons of the world rare earth reserves, while the total reserve 
outside China was about 63 million tons. From 2010 to 2014, China’s reserves increased 
to 55 million tons, while the total reserves outside China fluctuated. One can see that there 
are plenty of rare earth reserves all over the world. However, currently, China is the 
biggest producer of REEs. The reason/s for China being the largest producer of REEs is 
explained in detail in the next section of the chapter, 2.8.1, ‘Mining in China’. Section 
2.8.2, ‘Mining outside China and its challenges’ discusses this situation. However, it 
cannot be denied that there is an opportunity for other countries, despite the challenges, 
to consider developing the rare earth sources in their own regions for long-term security.  
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Table 2.4 Global REEs reserves, 2009–2014 
Country Total 
quantity 
(million ton) 
in 2009 
 2010  2011 2012 2013 2014 
China  36  55  55  55  55  55  
CIS (former 
Soviet Union) 
United States 
Australia 
India 
Brazil 
Malaysia 
Other Countries: 
Canada, 
Greenland, South 
Africa, Malawi, 
Vietnam et.al 
Total outside 
China  
19  
 
13  
5.4  
3.1  
0.048  
0.03  
22  
 
 
 
 
63 
19  
 
13  
1.6 
3.1 
0.048 
0.03 
22  
 
 
 
 
55 
19  
 
13  
1.6 
3.1 
0.048 
0.03 
22  
 
 
 
 
55 
 
 
13  
1.6 
3.1 
0.036 
0.03 
41  
 
 
 
 
55 
 
 
13  
2.1 
3.1 
22 
0.03 
41  
 
 
 
 
85 
 
 
1.8 
3.2 
3.1 
22 
0.03 
41  
 
 
 
 
75 
World Total 
(rounded) 
99  110  110  110  140  130 
Adapted from: Zhanheng (2011) and U.S. Department of the Interior 
(2010/11/12/13/14/15).  
 
2.8 PRODUCTION OF REEs 
 
2.8.1 Mining in China 
 
Historically, rare earth deposits were discovered in Bayan Obo (in Inner Mongolia) in 
1927 and rare earth mine was built in the 1950s. However, the production of REEs was 
expensive and their quality was substandard (Wübbeke, 2013). Thus, from the 1950s until 
the late 1980s, the REEs world supply was dominated by the USA in Mountain Pass, 
California (Seaman, 2010). However, in the 1960s, China had realised the potential of 
REEs as a strategic resource and started to increase its investment to further explore and 
improve REEs production methods (Hurst, 2010; Seaman, 2010). In the 1970s, a Chinese 
chemist, Xu Guangxian, successfully invented a cheaper method30 as compared to China’s 
previous method, to separate single rare earth which led to a high quality of production, 
and as a result, China’s output increased rapidly (Mancheri, n.d.). In 1986, Deng 
                                                          
30He developed the theory of counter current extraction and is known as the father of Chinese rare earth 
chemistry. 
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XiaoPing, a former Chinese leader predicted that REEs would play an important role for 
the Chinese economy as saying, “The Middle East has oil. China has rare earths” 
(Buckley, 2010a; Stone, 2009).  
Deng XiaoPing also approved the National High Technology Research and Development 
Program (known as Program 863), which was followed by the National Basic Research 
Program in the 1990s, also known as Program 973 (Bartekova, 2014). In the 1990s, 
China’s REEs exports expanded, causing rare earth prices to drop in the world market. 
To increase its export, China imposed value-added tax rebates to its exporters to further 
undercut foreign prices (Abraham, 2015). China finally eliminated its competitors and 
drove them out of the market thanks to its low cost of production. As a result, China 
became a monopoly world producer of REEs (Ting and Seaman, 2013). In this case, 
China turned its resource advantage into a comparative advantage31 (Canadian Chamber 
of Commerce, 2012). 
After two decades of rare earth operations (Du and Graedel, 2013), China has a well-
established research and development system and possesses advanced technologies in the 
mining and dressing, separating and smelting of REEs (Schüler et al., 2011; Mancheri, 
n.d.). China has been conducting a wide range of research in its four major laboratories 
that focus on chemistry, physics, exploration, environmental protection, as well as 
utilisation of REEs (Bartekova, 2014). China’s monopoly is not limited merely to REEs 
supply; it also includes extensive research on REEs (Zhang et al., 2015). The Chinese 
Society of Rare Earths has organised conferences and published issues on REEs 
(Bartekova, 2014). As Lin Donglu, Secretary General of the Chinese Society of Rare 
Earths, explained to the Beijing Review, a Chinese national English news magazine, 
China is the only country in the world that can provide rare earth products of all grades 
and specifications (Beijing Review, 2010). China produces intermediate as well as final 
products of REEs (Schüler et al., 2011).  
China’s dominance in the rare earths world market is driven by a systematic government 
policy that aims to make REEs development one of the lead factors for economic growth. 
Looking back a few decades, in the 1970s, China was only exporting rare earth mineral 
concentrates. In the 1990s it started to produce magnets, phosphor and polishing powders, 
and impressively nowadays, with improved technologies and numerous research 
                                                          
31 The opportunity cost of producing REEs as compared to other goods is lower in China than in other 
countries. 
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conducted in this area, China has become an exporter of high-technological products such 
as mobile phones, LCDs, electric motors, and so on (Mancheri, n.d.). There is a valid 
reason for this long-term policy planning. Abraham (2015) noted Deng Xiaoping 
acknowledged, “The real value of rare earths is realized in the final product”. China had 
realised that selling ore abroad was a lost opportunity, and instead of exporting the 
minerals to help Japan create jobs in their country, China could build high-tech 
manufacturing plants using its own resources by employing their own citizens (Abraham, 
2015), thus providing jobs and incomes to their own people, and eventually spurring 
economic growth. This multiplier effect would be lost if China passed the manufacturing 
task to Japan. 
 
2.8.2. Mining outside China and its challenges 
 
As mentioned elsewhere, the demand for REEs and the supply shortages, coupled with 
Chinese export restrictions, have resulted in a significant increase in REEs prices in 2011. 
Consequently, a number of entities aim at opening new mines outside China as an 
immediate response to the current problem. According to Zhanheng (2011), there are 
eight producers outside China: Molycorp Minerals (USA), Lovozersky Mining Company 
and Solikamsk Magnesium Works (Russia), Indian Rare Earths (India), 
Toyota/Sojitz/Gov. of Vietnam (Vietnam), Neo (Thailand), Lynas (Malaysia/Australia) 
and Indústrias Nucleares do Brasil S/A (INB) (Brazil). However, these sites have limited 
amount of production.  
Besides, there are also some potential REEs producers32 and suppliers33 that are interested 
in getting involved in REEs production. Hundreds of REEs projects outside China are 
underway, but will take up to 10 years for them to become fully operational (International 
Electronics Manufacturing Initiative, 2014). However, Kingsnorth (2013) predicts that 
most of the projects will not come into operation with an estimated success rate of 1–2 
per cent, and many of the small projects are likely to face bankruptcy, due to the various 
challenges involved in bringing rare earths mining into production.  
                                                          
32 Rareco/Great Western Minerals Group, Sumitomo/Kazatomprom/SARECO JV, Toyota/Sojitz/Govt. of 
Vietnam, Toyota/Indian Rare Earths joint venture, Mitsubishi/Neo MaterialTechnologies and Alkane 
Resources. 
33 Avalon Rare Metals Inc, Quest Rare Metals, Ucore, Matamec, Arafura, Great Western Minerals Group, 
Rare Element Resources, Stans Energy Corp, Greenland Minerals and Energy, and Japan-Mongolia JV. 
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Beside new mines and a few other potential projects under consideration to resolve the 
shortage in supply, there are some possible alternatives to reduce the dependency on 
REEs, such as research conducted on methods of recycling REEs (recycling of REEs 
from magnets34 and batteries35), research on finding REEs substitutions,36 as well as 
trying to develop new techniques for saving REEs in the manufacturing process (Stegen, 
2015; International Electronics Manufacturing Initiative, 2014; McLellan et al., 2014; 
Baroncini, 2012). Some affected industries, particularly the battery, lighting, catalyst and 
magnet industries, have been developing policies to reduce dependency on REEs 
(International Electronics Manufacturing Initiative, 2014). Also, changing products so 
that they no longer use REEs is being considered (Stegen, 2015). 
However, despite all the possible methods mentioned above, there are various difficulties 
with respect to the solutions proposed by the affected industries. Bringing new mines into 
the system is a complex process. First, as Kelly and Mogi (2010) stated, the challenge is 
not finding the rare earth deposits, as the deposits are relatively abundant in nature. The 
concern is to obtain the proper and adequate equipment necessarily for procuring them. 
REEs are usually not demanded in ore form but in alloy and magnet forms, and producing 
these two forms is labour-intensive and expensive (REUTERS, 2010). Second, REEs 
have similar chemical elements found together with other minerals, and it is very difficult 
to extract them from these minerals and separate them from their individual components 
as well (Swift et al., 2014). Thus, the extraction requires time and necessary expertise. It 
took chemists a total of 150 years to isolate all 17 REEs due to their similar atomic 
configuration (Abraham, 2015). 
In addition, rare earths mining requires careful planning and preparation. This is because 
its refining process is always associated with some problems. One of the most common 
problems associated with REEs concerns radioactive thorium and uranium elements 
(Stegen, 2015; Seaman, 2010), and thus, adequate measures for environmental protection 
and workers’ safety are needed. The second common issue is related to its low 
concentration, which necessitates a high cost of processing (Grasso, 2013). Besides, the 
techniques used in the current methods of extraction and separation apply toxic chemicals 
                                                          
34Zakotnic et al. (2009) used the process of milling and re-sintering to recycle Neodymium magnets 
extracted from disk drives. 
35 Wu and Zhang (2010) studied REEs recoveries, among other things, from Ni-MH batteries by leaching 
them with sulphuric acid.  
36 For instance, research conducted by the University of Delaware, Hitachi and GE on nano-composites to 
make strong magnets (University of Delaware, 2009). 
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such as ammonium bicarbonate,37 which may eventually contribute to pollution. 
According to Massari and Ruberti (2013), all current extraction methods cause pollution, 
and hence, many sites around the world are not utilised. Rare earths mining also needs a 
strategic location with certain associated facilities to reduce its existing high cost. As an 
example, in the case of Avalon Rare Metals Inc.,38 even though it is expected to produce 
heavy rare earths (Dy and Tb), it has to incur additional costs as it is located in a remote 
area and needs heavy infrastructure, which in turn, requires high capital investment 
(Avalon Rare Metals Inc., 2011). 
Moreover, REEs have low substitution potential (Seaman, 2010) and recycling rates 
(Massari and Ruberti, 2013). Some substitutions for REEs are available, but they are not 
as good39 as REEs (Blakely, n.d.), whilst it is possible that other appropriate substitutes 
are not known yet. According to Stegen (2015), some REEs can be used as a substitute 
for the others; for instance, terbium can replace dysprosium in permanent magnets, but 
terbium is more expensive than dysprosium. Yttrium can also substitute permanent 
magnets in wind turbines, but the switch will result in greater demand for yttrium. 
Moreover, Schüler et al. (2011) reported that in most cases, substitution transforms the 
product, necessitating a new product design.  
Meanwhile, for the recycling process, due to its low price in the past only small quantities 
of REEs were being recycled from pre-consumer products, but recently due to the supply 
shortage and price pressure, numerous research has been conducted in this area, 
particularly in Japan (Schüler et al., 2011). However, there is little benefit in recycling 
REEs from consumer products due to their small quantities and concentration in the 
products (McLellan et al., 2014). In addition, the recycling procedures for REEs involve 
an energy intensive process, among other things, which puts some restriction on 
efficiency in REEs recycling (Schüler et al., 2011). The amounts of rare metals are also 
insufficient for recycling because many products containing significant amounts of these 
metals (such as wind turbines and electric vehicles) are still in use. Besides, dismantling 
and smelting processes reduce a certain percentage of the metals from the waste collected 
(Abraham, 2015). 
                                                          
37 If it is inhaled or digested, it may cause irritation to the respiratory and gastrointestinal track, while if it 
comes in contact with the eyes or skin, it may cause redness, itching and pain (Emslander, n.d.). 
38 A Canadian mineral development company that focuses on rare metals and minerals. 
39 For example, substitution of rare earth magnets in motors for electric vehicles. Currently the industry 
uses Nd-permanent magnet. But, asynchronous motors can be used as a substitute, though they are less 
compact and less efficient in some operational conditions compared to the permanent motors. 
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Finally, even though light rare earths can be processed outside China, heavy rare earths 
can only be currently managed in China. Stegen (2015) stated that a French plant, 
Rhodia’s La Rochelle, is the only plant outside China that could separate the heavy rare 
earths, but the plant is planning to focus on recycling phosphors from light bulbs. Even if 
it is used to refine REEs, the plant’s capacity (9,000 t/y) is not sufficient to meet global 
need. 
 
2.9 LIFECYCLE OF REEs 
 
According to Avalon Rare Metals Inc.  (2011, p. 19), REEs undergo seven stages in their 
lifecycle: 
i. Mining, crushing and milling: the ore is removed from the ground through surface 
mining, underground mining, placer mining and in situ mining.40 The ore is then 
crushed to gravel size to separate the mineral from the waste materials. After that, 
it is milled to a finer size. 
ii. Flotation: it separates the rare earth materials from the ore to produce mixed rare 
earth minerals concentrate.  
iii. Hydrometallurgy: rare earths are extracted from the mineral concentrate to 
produce a mixed rare earth oxide concentrate. 
iv. Separation: it separates individual rare earth oxide from the mixed rare earth oxide 
concentrates, which are sold to chemical and metal producers in powder form. 
v. Producers of chemicals and metals purify the rare earth oxides to create chemicals, 
metals, magnets and phosphor compounds, which are used as input for final 
products.  
vi. Manufacturers use these inputs to produce final products such as hybrid and 
electric cars, wind turbines and medical equipment. 
vii. Recycling or disposal of rare earth products. 
At every stage of the REEs lifecycle, it has an impact on humans and the environment. 
Although REEs support and improve the environmental quality through their utility in 
green technologies, their production has a detrimental effect on the environment. 
Therefore, it is essential to understand the potentially negative impacts associated with 
these components.  
 
                                                          
40 The ore is extracted from the deposit using chemical solutions. 
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2.10 MINING AND PROCESSING RISKS OF REEs 
 
In general, Schüler et al. (2011) mention the first stage of mining and ore crushing 
produces waste rocks that are placed in storage. The second stage, flotation, uses water, 
chemicals and energy. The input into flotation is the milled crude ore with low 
concentrations of rare earth oxide, ranging between 1–10 per cent, but the output 
possesses a higher concentration of REEs, around 30–70 per cent. The flotation process 
produces a huge waste stream, a mixture of water, chemicals and finely ground minerals 
called tailings. Lastly, the concentrate is further processed. Each process during 
production produces different effects and risks depending on the level of environmental 
protection systems.  
The first problem associated with this method of mining relates to the tailings (Figure 
2.1), which pose short and long term risks for workers, society and the environment. 
Tailings contain small particles, flotation chemicals and waste water that remain in the 
impoundment areas. Mostly, the elements in the tailings consist of radioactive materials, 
acids, sulphides, fluorides and heavy metals. The rare earth deposit per se contains 
uranium, thorium, some hazardous products and very few radioactive-free substances. 
They are exposed to rain water, and continued exposure pollutes ground water if the 
ground is not leak-proof. In addition, if the impoundment areas are unable to store this 
water after heavy rains, it will cause pollution in the surrounding water and soil as well. 
The worst case scenario might happen if the dam collapses (due to poor construction or 
overtopping from the heavy rainfall) and the toxic waste spreads to a wider area, leading 
to an ecological disaster.  
The second problem is associated with waste rock stockpiles. These stockpiles are also 
exposed to rain water, and the toxic substances can be washed out into the surroundings 
unless proper water management and treatment processes are installed. However, the risk 
with these rocks is lower than in the case of tailings, as the former consists of coarse 
minerals while the latter consists of finely milled particles.  
Thirdly, after the mine is abandoned, open pits might bring environmental harm. This 
poses similar dangers as it is exposed to the rainwater and may affect the environment in 
the same way as described above. Also, without proper measurement and monitoring 
processes, air emissions from mining operations, the milling, transportation and storage, 
waste rock stockpile or tailings can cause harm to employees and the neighbourhood. 
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People will be exposed to wind-blown dust particles that contain toxic and radioactive 
substances.  
Another environmental risk is related to the use of land during and after a mine closure. 
The land areas that are polluted include the mine, tailings, waste rock stockpiles and the 
surrounding areas. Moreover, the production process consumes water, which is also a 
problem. Furthermore, another grave concern is waste disposal. In most cases, the REEs 
contain thorium or/and uranium. Thus, REEs will pose a danger to the environment and 
neighbourhood if it is not properly stored and managed.  
Figure 2.1 Potential risks of rare earth mining 
 
 
 
 
 
 
 
 
 
 
  Source: Schüler et al., 2011, p. 44. 
In addition to the above-mentioned general problems associated with mining and 
processing, the magnitude of danger also depends on the specific type of mining method 
and the chemicals used in operations. According to the Massachusetts Institute of 
Technology (2010b), there are five types of mining methods: open-pit/open cast, 
underground, in situ leach (ISL), heap leaching and brine mining. Open pit mining is well 
known for its damaging effects on large areas of land. This is because rare earth minerals 
are available in small concentrations, so large amounts of ore need to be mined. In the 
crushing phase, hard rock releases radioactive elements, asbestos and metallic dust. Due 
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to the low concentration of REEs, various chemicals need to be used to separate these 
elements (Burgueño, 2013), resulting in polluted tailings.  
Underground mining faces the possibility of tunnel collapse, land subsidence and surface 
damage. The use of hydraulic pumps and suction dredges in operations can increase 
sedimentation in nearby rivers. In contrast, ISL involves minimal surface destruction, no 
tailings/waste rocks, no ore dust/direct exposure to the environment, as well as low water 
consumption. This is because this method simply dissolves the ore body and pumps it out. 
However, acids are used to dissolve the ore body and the fluids remaining after the 
leaching process pose a risk to ground and water resources. 
With heap leaching mining, the concern is to ensure that the processed solutions remain 
within the heap leaching circuit. Having a water balance is important, as overflow of 
solutions containing toxic substances due to factors such as heavy rainfall or snow melting 
will affect the ecosystem. Sometimes, cyanide is used to extract metals from oxidized 
ores and the detrimental effect of cyanide on the environment is well documented. 
Meanwhile, brine mining poses a risk to the environment through its process of drilling, 
extracting and evaporating the brine solution to remove harmful elements or compounds. 
Casings, pipelines and storage tanks are vulnerable to corrosion due to high saline content 
in the solution, which may lead to water contamination.  
In brief, it can be concluded that the safety of operations does not only depend on the 
high-technological machines employed in the production but also on proper management 
and monitoring from the authorities. 
 
2.11 HEALTH EFFECTS ASSOCIATED WITH REEs PRODUCTION: THE 
CASE OF CHINA  
 
A wealth of evidence has been brought forward by newspapers and other popular media 
on the harmful effects of REEs extraction and production. Ting and Seaman (2013) assert 
that the rare earths mining and processing plants in China caused detrimental impacts to 
society and ecological systems. One of the reasons for this is that the Chinese 
entrepreneurs used outdated production processes and techniques in the mining, smelting 
and separating of rare earth ores (State Council, the People’s Republic of China, 2012). 
This is especially true for illegal and artisanal miners, because they use basic technology 
by pumping acids into the ground (Jepson, 2012). Some of them employ advanced in-situ 
leaching techniques, but this technique produced ammonium, nitrogen, heavy metals and 
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other wastes (State Council, the People’s Republic of China, 2012). In addition, acids 
were used at different stages of separation and refinement (Bradsher, 2011b). These 
chemicals polluted the water sources and the groundwater, which was connected to the 
main water sources of local people—wells (Buckley, 2010a) and the Yellow River 
(Bradsher, 2013)—which used by 150–180 million people (Hurst, 2010). This fact was 
supported by an article on Chinese rare earth written by Su Wenqing, the former director 
of Chinese Rare Earth Society, who confirmed that companies dumped their tailings into 
the water sources and farmland near the Yellow River, consisting of mildly radioactive 
ore scrap (Buckley, 2010a). 
Moreover, rare earths mining activities have produced air pollution. The severity of air 
pollution was described by the villagers living around the REEs plants as being 
surrounded by a blanket of fumes (Buckley, 2010a). A farmer also admitted that fact and 
said, “When we boil the water to drink, this white scum forms on top and it tastes bitter” 
(Buckley, 2010a, p. 3). These multiple facets of pollution—groundwater, water and air—
caused serious health problems (Bradsher, 2013; Burgueño, 2013; Buckley, 2010a) for 
residents and their livestock, killed livestock (Kaiman, 2014; The Guardian, 2012), made 
farmers’ fields unsuitable for plantation (The Guardian, 2012; Bontron, 2012) and even 
destroyed their crops (State Council, the People’s Republic of China, 2012; Xu and Liu, 
1999). For instance, one of the farmers said that, “We used to grow vegetables, but now 
all we can grow is corn, and even the crops for that are far smaller than 10 years ago” 
(Buckley, 2010a, p. 3). The local people added that, “In the Yellow River, in Baotou, the 
fish all died… You cannot eat the fish because they are polluted” (Hurst, 2010, p. 17). 
These statements show that their natural resources have been badly affected by the mining 
activities, making it unsafe to live in those areas. 
Consequently, health problems, such as an increase in cancer cases, respiratory diseases 
and dental losses, were widespread around the mining areas (Schüler et al., 2011). The 
Yangcheng Evening News, a Chinese newspaper, asserted that experts attributed the 
health damage suffered by the local people due to REEs and other smelting activities 
(Buckley, 2010a). The most common disease in Baotou is pneumoconiosis, also known 
as ‘black lung’, with 5,387 residents suffering from this disease (Hurst, 2010). In another 
area, Dalahai, the villagers suffered various strange diseases. They claimed their hair 
turned white at young ages, teeth began to fall out and they suffered cancer, as well as 
skin and respiratory diseases. Their children were born with soft bones. Their claims were 
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supported by official studies that confirmed the high cases of cancer, osteoporosis, skin 
and respiratory diseases due to proximity to the toxic lake (Parry and Douglas, 2011). 
In addition, Klinger (2013) reports that a decade of accumulation of heavy metal, fluorine 
and arsenic in the soil and water from mining operations had slowly poisoned people and 
their livestock. Those suffering from chronic exposure to arsenic, which is believed to 
have leached out from the mine, can simply be recognised by their blistered skin and 
discoloured teeth. Meanwhile, the common diseases associated with fluorine and arsenic 
exposure among the livestock are known in local parlance as long tooth and snake disease. 
The livestock have long and fragile teeth that hinder grazing and can lead to death due to 
starvation. Snake disease can be identified by discoloured scaling on hands, feet, face and 
genitals.  
Health problems (Burgueño, 2013) and ecological damage have destroyed several 
people’s sources of income – agriculture and fishing activities (Bontron, 2012). These 
conditions have forced the local people to move out in order to survive (Kaiman, 2014; 
Burgueño, 2013; The Guardian, 2012; Bontron, 2012). When the air, water and soil are 
contaminated, natural resources such as fish, grass and crops are poisoned. These natural 
resources are essential for the survival of human beings and their livestock. When people 
and livestock become ill, it eventually reduces their capability of working to generate 
income. Therefore, there is no other way to survive, except migrating to a better place 
and, subsequently, leaving their assets (land and house) idle. 
 
2.12 SCIENTIFIC EVIDENCE OF HEALTH EFFECTS ASSOCIATED WITH 
REEs  
 
Scientific studies, such as the case studies cited above, also show that REEs can have 
harmful effects on human beings, particularly with respect to long-term exposure. 
Sabbioni et al. (1982) revealed that long-term (46-year) chronic occupational exposure to 
rare earth dust for photo engravers is associated with incidence of pneumoconiosis. A 
similar study was conducted by Vocaturo et al. (1983) on long-term exposure to REEs-
containing fume and dust in photo engraving laboratories. They found that REEs had 
accumulated in the lung, causing lung fibrosis. In addition, Porru et al. (2000) also 
discovered that there was a relationship between interstitial lung fibrosis and twelve years 
of rare earths dust exposure in the case of a movie projectionist. In a different study, Chen 
et al. (2004) discovered that long-term exposure to dust containing thorium (0.04 per cent) 
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and thoron progeny in the mining and crushing activities is associated with the incidence 
of stage 0+ pneumoconiosis41 amongst dust-exposed miners. An epidemiological study 
showed that the exposed group has significantly higher lung cancer mortality (p<.005) 
than the dust-unexposed miners (control group).  
Zhang et al. (2000a) conducted a study to find the main factors for human toxicity among 
local populations in South Jiangxi, and they discovered that the toxicity comes from the 
food chain. Zhang et al. (2000b) further analysed this result in another study and 
concluded that a prolonged intake of low-dose REEs from the natural environment could 
lead to deviation of blood biochemical indices and pose adverse effects to the liver, kidney 
and the immune system. Zhu et al. (2005) revealed that years of low-dose REEs intake 
could affect the activity of some digestive enzymes, causing indigestion and 
malabsorption problems for those who live in heavy rare earths and light rare earths areas, 
and causing low protein for people who live in light rare earth areas. Therefore, the tragic 
health effects in China are not a made-up story narrated by the local people. Medical 
research have revealed the detrimental effects associated with the mining of REEs. 
However, these effects may not be apparent in a short period of time because it takes 
many years for REEs to accumulate in the humans’ bodies. 
 
2.13 CONCLUSION  
 
In brief, this chapter has shown the significance of REEs to contemporary civilisation; 
yet, they are materials that are surrounded by problems. The extraction as well as the 
processing of REEs, without a proper management process, leave harmful effects on the 
surrounding environment, and on the health of those who inhabit the environment. 
Clearly, how people perceive these effects of rare earths production and how their 
behaviours are affected by these perceptions is a problem that needs to be investigated.  
 
  
                                                          
41An occupational lung disease caused by inhalation of dust 
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CHAPTER 3 
 
METHODS AND METHODOLOGY  
 
3.1 INTRODUCTION 
 
This chapter discusses the theories, models and hypotheses of the empirical material 
treated in this dissertation. It outlines the methods of data collection and its process, 
explains why the area was selected for study, and describes the sampling process, and the 
design and structure of the questionnaire. Moreover, it explains briefly the specific 
methods and statistical tools that were used in analysis of the data.  
 
3.2 THEORIES, MODELS AND HYPOTHESES 
 
This dissertation presents three main sections of studies: perception, averting behaviour 
and property price. Perception is a result of complex cognitive processes that produce a 
unique picture of the world (Luthans, 2005), which might be different from reality 
(Robbins, 2014; Picken, 2012). Perception is the outcome of how people discover what 
is going on around them from data collected through their senses and processed by the 
human central nervous system (Glendon et al., 2016). Particularly perception is the 
process of receiving, selecting, organising and interpreting information within the 
framework of one’s knowledge to make sense of the world, which has an impact on 
behaviour (Goldstein, 2010; McShane, Olekalns & Travaglione, 2010). In other words, 
when people are exposed to stimuli, which are received by their senses, they will select 
the stimuli that attract their attention and then organise and interpret them. The resulting 
perception will influence their emotions and behaviours towards people, objects or events 
(McShane and Glinow, 2003).  
Psychological approach that attempts to explain humans’ behaviours, cognitive theory, 
asserts that there is a connection between perception and human behaviour. When people 
perceive that there is a risk of negative effect associated with some activities, in normal 
circumstances they will respond in order to mitigate the risks perceived (Brewer et al., 
2004; Sjöberg, 1999; Slovic, 1981). The Health Belief Model, one of the most widely 
used cognitive models (Van Der Plight, 1996), posits that behaviour is determined by a 
number of beliefs about threats to individuals’ well-being (Rosenstock, 1966; Becker, 
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1974). Within this, there are two set of beliefs: perceived vulnerability and severity of the 
threat, and perceived benefits associated with the behaviour taken. Behaviour is triggered 
by stimuli, called ‘cues to action’, which can be internal or external. Internal stimuli refer 
to symptoms of ill health faced, while external stimuli include media campaigns or other 
information. On the contrary, when individuals perceive the threat as not serious, having 
low benefits or high costs, they are unlikely to adopt mitigating behaviours (Morris et al, 
2012). 
These mitigating behaviours are called averting behaviour in the field of environmental 
economics. The averting behaviour model assumes that people make choices by changing 
their behaviours in order to maximize their utility by incurring costs to avoid any 
undesirable environmental and health impacts. The cost or expenditure would not be 
made without the presence of threats. Threats are not necessarily real threats; they can 
also be perceived threats. Smith and Desvousges (1986) defined averting behaviour (AB) 
as households’ actions that were intended to mitigate damage associated with pollution. 
Cai et al. (2008) defines it as people’s responses due to the presence of environmental or 
health risks that cause harm to people. According to Abdalla et al. (1990), AB is a 
protective action that people take to protect themselves from being exposed to pollution. 
Based on the above definitions, in this dissertation, AB is defined as any protective action 
taken or people’s response with the intention to avoid or reduce the pollution emission 
produced by Lynas Advanced Material Plant (LAMP).  
Numerous studies that used averting behaviour model revealed that perception was 
followed by preventive actions. For example, Nauges and Berg (2009) and Onjala, 
Ndiritu and Stage (2013) found that perceived risk in water consumption increased the 
probability of treating water by 63 and 69 per cent accordingly. Also, Abrahams et al. 
(2000) discovered that risk perception of water contamination was associated with a total 
cost of $346 million per annum ($47 per person per annum). Um et al. (2002) showed the 
significance of perception as compared to the scientific data, since people in their study 
perceived tap water to be of low quality (despite the fact that data showed this was not 
the case) and thus had undertaken AB by boiling the water, purchasing bottled water, 
installing a water filter, or using spring and underground water. 
Perception can also influence consumers’ decisions in purchasing market products (Wee 
et al., 2014). According to Yee et al. (2011), perceived quality, perceived value and 
perceived risk are significant in affecting consumers’ decisions to purchase durable goods 
such as cars. Similarly, in the case of a decision to purchase property, its value is not only 
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determined by its own characteristics such as structural factors, neighbourhood and 
environmental quality. According to Hanley and Barbier (2009), property value could be 
a function of perceived future environmental conditions. Kohlhase (1991) for example, 
found that there was a significant reduction in housing prices due to consumers’ 
perceptions of potential hazard of being located close to remediation of toxic waste sites 
after an announcement made by the Environmental Protection Agency on the housing 
price in Houston, United States. Chasco and Gallo (2012) revealed that areas with lower 
perceptions of noise pollution, even where the pollution index was higher, had higher 
housing prices, suggesting that house value was determined by people’s perceptions 
instead of actual pollution data. 
Therefore, based on the above discussion, it is argued that perception may motivate local 
people to undertake actions to prevent exposure to perceived pollution. Also, people’s 
perceptions of the adverse environmental impacts produced by LAMP may influence 
local housing prices. In particular, this dissertation uses three main models in the analysis. 
Each dependent variable has its own determinants, which are explained in detail in the 
next chapters.  
a. Perception model 
𝑃𝑒𝑟𝑐𝑒𝑝𝑡 = 𝑓(𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐, 𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛, 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛, 𝑡𝑟𝑢𝑠𝑡  𝑎𝑤𝑎𝑟𝑒𝑛𝑒𝑠𝑠) 
b. Averting behaviour model 
𝐴𝐵 = 𝑓(𝑝𝑒𝑟𝑐𝑒𝑝𝑡) 
c. Hedonic pricing model 
𝐻𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒 
= 𝑓(𝑡𝑖𝑚𝑒, ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒𝑠, 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟ℎ𝑜𝑜𝑑, 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡, 
                  𝑝𝑒𝑟𝑐𝑒𝑖𝑣𝑒𝑑 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑛𝑒𝑡) 
Hypotheses: 
1. Ho: There is no relationship between perception and AB 
Ha: There is a relationship between perception and AB 
2. Ho: There is no relationship between perception and house prices 
Ha: There is a relationship between perception and house prices 
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3.3 DATA COLLECTION: METHOD, PROCESS AND CHALLENGES 
DURING INTERVIEW SESSIONS 
 
3.3.1 Method 
 
Both primary and secondary data were used in this investigation. Primary data collected 
people’s perceptions, actions taken to avoid LAMP exposure and house characteristics. 
To collect these data, a list of names of all residents in the area above the age of 21 years 
was provided by the Suruhanjaya Pilihan Raya Malaysia (election commission of 
Malaysia). The sample was selected randomly and surveyed on a home-to-home basis. 
The minimum age limit ensured that participants could make an informed judgement, as 
their perceptions constitute an important variable in the analysis. Interviews were 
conducted by the researcher and two assistants with the local respondents from the end 
of February until mid-July 2015. Interviews were based on a structured survey with a total 
of 524 respondents. Of the residents, 52 declined to participate in the interview 
representing a nine per cent rejection rate.  
The survey was conducted every day, including weekends, from 9am to 6pm to ensure 
maximum response rates. The data collected depended on the availability and the 
willingness of the respondents to spend their time answering the questions posed in the 
schedules. Their participation was voluntary; they could choose not to answer any part of 
the questionnaire. A large part (95 per cent) of the sample was from people with Malay 
ethnicity, as compared to the small number of non-Malays. The low response rate 
(28/524) of residents from the non-Malay community was primarily due to their non-
availability in their homes, and also their reluctance to cooperate in the research by not 
answering the questions. Therefore, to tackle this difficulty, an online survey method was 
designed. This online survey was selected on the voluntary basis and carried out from the 
beginning of August to the end of November, resulting in an additional 160 respondents 
joining the survey. However, of these, only 127 survey schedules could be utilised in the 
analysis due to the others being incomplete. Eventually, the total number of respondents 
surveyed reached 651 respondents. 
In addition, interviews were also conducted with experts, namely the authorities (the 
Department of Environment and the Atomic Energy Licencing Board), representatives of 
the industry whose impacts are under consideration (Lynas) and a third party, who is 
qualified to give opinion on LAMP’s operation. They were chosen because they are the 
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main players with respect to the specific issues thrown up by the operation of LAMP, as 
well as the perceptions of the affected community. The Department of Environment 
(DOE) is the organisation authorised to conduct monitoring activities on LAMP’s 
operation and any issues related to environmental pollution will be reported to them. The 
Atomic Energy Licencing Board (AELB) is the agency authorised to issue the operating 
licence to LAMP.  
The third party is Gerhard Schmidt, a former researcher from Öko-Institute, a non-profit 
environmental research and consultancy institute in Germany that provides advice to 
policymakers, NGOs, institutions and companies, based on their scientific studies. He had 
conducted a detailed study regarding LAMP and potential risks posed by it to the 
environment. Some of these experts were interviewed in person (the DOE and the Lynas 
advisor), whereas some others were contacted via email and responded electronically (the 
AELB and Schmidt). In addition to the respondents’ and experts’ views, interviews were 
conducted with the local fishermen, because they might be affected by the change in 
people’s behaviours due to perceived negative impacts on water quality. 
Secondary data were collected from various sources, such as published articles and 
journals, websites of Lynas Corporation and an anti-Lynas group (Save Malaysia, Stop 
Lynas), mass media reports, scientific reports on LAMP’s operations prepared by 
Schmidt and a senior researcher in the National Toxic Network Australia, and printed 
materials provided by the DOE as well as the opposing groups. Also, data on air and river 
water quality were sourced from the DOE to support claims made by the local people and 
the experts. Data to compute ground level concentration were collected from the DOE 
and Malaysian Meteorological Department (MMD). Information about gender proportion 
of the population was collected from the Department of Statistics (2015).  
Reports on property market from the 1980s were collected from the Valuation and 
Property Services Department (1980-2015), while data on house sales (2007–2015) and 
its structural characteristics were provided by the National Property Information Centre 
(NAPIC) in a notepad form. Google maps, using a direct distance-measuring tool were 
used to find neighbourhood characteristics. Meanwhile, environmental characteristics 
were collected from the DOE and the Department of Meteorology. The values of 
respondents’ houses were estimated by a valuation officer in the Valuation and Property 
Service Department. Finally, inflation rates were collected from the Malaysia Informative 
Data Centre. (n.d.). 
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3.3.2 Processes and challenges 
 
Two methods of data collection—home-based interviews in person and online surveys—
were used. Both posed different challenges. In the first method, a specific group of people 
was identified, chosen by a random number generator and their addresses, also available 
in the data collected from the election commission of Malaysia. There were a few cases 
where the chosen respondents had moved out or relocated themselves to a temporary 
address in a different location for personal reasons (such as for work or study), passed 
away, or had rented out the property to a tenant. In these cases, those who were living in 
that particular property replaced the person in the list provided and became the 
respondent. In situations where the person who was named in the list was not available at 
home during the survey, another person, if above 21 years of age, was selected.  
In cases where a woman was named as the original respondent, she was replaced by a 
female (such as her daughter, mother, sister, or aunt) above 21 years of age. However, in 
the occasional instance when the household head was the original named respondent, and 
could not be replaced this way by another male, the wife or the daughter was questioned 
as a replacement and vice-versa. If no one was available in the house, then the house next 
to his house was selected based on increasing number of the house, to maintain 
consistency. For example, if the house number of the selected person was 132, house with 
number 133 or 134 would be chosen, because some residential areas were organised using 
odd/even numbers, while some followed the right order. If the selected respondents were 
reluctant to cooperate, a house next to him was chosen.  
This method sounds simple and easy; however, in practice that was not the case. When 
the respondents’ houses were visited, in some cases only the elderly were available in the 
house. The young and middle age groups were normally away working or shopping or 
hanging out with friends. At the beginning of the survey, it was not easy to interview male 
respondents, particularly the middle-aged working group. Moreover, middle-aged males 
often refused to be interviewed and passed the questions to their wives. The researcher’s 
gender could have made the men uneasy—it is possible that some people felt 
uncomfortable being interviewed by a female researcher. These two reasons made the 
proportion of females higher (two-thirds) than the males, because females tended to be 
more available at home. The female respondents were also very pleased to be visited, and 
often wanted to chat extensively about the situation, thereby lengthening the interview. 
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They did not appear to have any problem in being interviewed by male researchers when 
the need arose. 
It was more difficult to locate and interview the non-Malay respondents. It was more 
common for them to be absent from home. Their neighbourhoods were often empty, and 
even if someone was present at home, they were reluctant to cooperate. Some of the non-
Malay respondents justified this behaviour by suggesting that it is better to avoid meeting 
strangers to avoid thefts. They also confused the researcher with door-to-door 
salespeople. Some homes were guarded by aggressive dogs and were unsafe for data 
collection. There also were many street dogs roaming around. Some of the non-Malay 
neighbourhoods were also comparatively better-off areas, where houses were guarded by 
security gates and personnel. There were also difficulties in communication as some non-
Malays, particularly the senior citizens, were not conversant in either the native language 
(Bahasa Malaysia) or English. The basic words they knew were not adequate for 
answering the questionnaire.  
To resolve these difficulties, certain concrete steps were taken. For the Malay young and 
middle-aged groups who spend much of their time outside their homes, the interview time 
was rescheduled to 9 am, compared to 10-11am. At this hour, they were available at home 
with time to spare to answer the questions. To interview the middle-age males, two male 
assistants were hired. Fortunately, when talking to another male, they did not ask their 
wives to respond. Thus, the problems for the Malay group could be resolved. However, 
it was difficult to find assistants from the non-Malay cohort to interview this group. A 
local Chinese man, willing to help in conducting the survey, was found with difficulty 
but due to his other engagements he was unable to interview a good number of 
respondents. Assistants and/or representatives of the State Assembly in some areas were 
also contacted for assistance, and they gave some names and contacts. However, they 
were not able to offer full commitment to the survey.  
It was not desirable to have more than 90 per cent of Malay respondents because besides 
the obvious bias, there was the important issue of not representing the situation accurately. 
Most of the protests, complaints and legal cases against Lynas were filed and conducted 
by the non-Malay cohort of residents. To resolve this, an online survey (using Survey 
Monkey software) was designed. Such online surveys can be flexible because the 
respondents can fill in the questionnaire at a time and place convenient to them. This 
method allows the respondents to access the survey questionnaire a few times to allow 
for breaks necessitated by other demands on their time by storing the previous information 
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put in by the respondents. The respondents can also use their smart phones to answer the 
questions. However, this method does not allow for switching between a computer and a 
smart phone to access the information inserted in the survey form. The method requires 
a strong internet connectivity. Some respondents complained that the lack of reliable 
internet connection interfered with the smooth insertion of their data.  
The questionnaire, originally written in English, was translated into two languages, 
Mandarin and Bahasa Malaysia, for the online survey. This permitted the respondents to 
choose their preferred language as three languages were made available in the online 
system. One of the representatives of State Assembly in the study area advised to translate 
the questionnaire into Mandarin as some people of Chinese origin may not be proficient 
enough to respond to the questions in English or Bahasa Malaysia. The online survey can 
be assessed using Facebook link (https://www.surveymonkey.com/s/L3M8MJL) or web 
link (https://www.surveymonkey.com/r/BJTS8LG).42 All assistants and/or 
representatives of the State Assembly were contacted to distribute the links to get access 
to the online survey. In addition, the Vice-President of Pan-Malaysian Islamic Party, a 
Member of Parliament of Kuantan and her assistants were also contacted to share the 
links to a larger group of people. Two locals were hired to share the links in the study 
areas. In addition, the links were shared on the Facebook pages of Kuantan and respective 
areas. Phone messages and Whatsapp were also used to distribute the links. 43 
 
3.3.3 Interview process 
 
The semi-structured questionnaire was meant to be filled in by the interviewers during 
the interview process, unless requested otherwise by the respondents. At the beginning of 
the interview, a brief explanation of the objective of the dissertation was provided to the 
interviewees, and opportunity was given to the respondents to inquire in detail about the 
research project. Generally, the interview was conducted in an informal manner at the 
respondents’ homes, because the main concern was to elicit people’s perceptions, beliefs 
and opinions about environmental impacts produced by LAMP. Clearly, there was no 
right and wrong answer for their justification. Prompts and probes were used to elicit 
details, if necessary.  
                                                          
42 The links were applicable only for a limited time period (July 2015 – July 2016). 
43 Data collected using the online survey is not random, but despite its limitation, Chapter 4 proposes a 
solution to mitigate the problem. 
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When the respondents found the questions were irrelevant, the justification and rationale 
for the question was explained. For instance, some people asked about the relationship 
between LAMP and characteristics of their houses. Some also questioned the relevance 
of asking about their demographic characteristics. Thus, simple and clear explanations 
were given so that they could understand the reasons/s behind the formulated 
questionnaire. The language used was based on the preference of the respondents. Some 
participants preferred to speak in Bahasa Malaysia, while some others chose to use a mix 
of languages, Bahasa Malaysia and English. The interviews went on for a duration of 
about 40 to 50 minutes. At the end of the interview, they were also given the chance to 
ask any questions or add any points which were not touched upon during the interview 
session.  
For the online survey, all the objectives, instructions and examples to answer the 
questionnaire were explained clearly in the system. The researcher’s contact details were 
written on the main page, if a clarification was needed by the respondents. Because in the 
online survey, the respondents did not interact directly with the researcher, the rejection 
rate was higher (21 per cent) as compared to a face-to-face interview (9 per cent). 
However, this method was easy for the respondents as they could fill in the online form 
at their convenience and it also saved the researcher’s time for data collection. Fricker 
and Matthias (2002) acknowledged that internet-based surveys can be conducted faster, 
better, cheaper and/or easier as compared to the conventional survey method.  
 
3.4 STUDY AREA, SELECTION METHOD, ITS CHARACTERISTICS AND 
SAMPLE SIZE 
 
3.4.1 Study area 
 
Research for this dissertation was conducted in the state of Pahang, the largest state in 
Peninsular Malaysia. Pahang is divided into eleven administrative divisions, namely, 
Cameron Highland, Kuala Lipis, Jerantut, Raub, Bentong, Temerloh, Maran, Bera, 
Rompin, Pekan and Kuantan. Kuantan, the capital state of Pahang, which covers 
296,042.09 hectares or around 8.2 per cent of the state of Pahang (Pejabat Daerah dan 
Tanah Kuantan, n.d.) was chosen as the study area. Kuantan consists of three sub-
districts: Kuantan (Teruntum, Tg. Lumpur, Inderapura), Indera Mahkota (Beserah, 
Semambu) and Paya Besar (Sg. Lembing, Lepar, Panching).  
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3.4.2 Selection method  
 
a. First pilot study 
Lynas Advanced Material Plant (LAMP) is located in Gebeng, Beserah. A pilot study 
was conducted among four different groups in this area using a convenient sampling44 
method. The first group comprised of fishermen. The perception and information given 
by fishermen are essential because they are among the most affected group if river water 
is polluted by LAMP. An informal interview was conducted on a jetty. A group of nine 
fishermen was interviewed, and most of them (7/9) did not agree with the establishment 
of LAMP because they believed LAMP is more dangerous than other chemical plants in 
their place. All of them were Malays with the range of age between 38 and 64 years old. 
Five of them have primary level of education. Their incomes range were between RM200-
2,00045. One third of them undertook protective actions using protest methods.  
They also informed the researcher that many protests were conducted by those who live 
in town, with the majority of them being Chinese. Most of the Malay people were not 
involved in the protest. They also advised the researcher to conduct a similar interview 
with fishermen on another jetty, about 300 meters from their jetty, which has a well-
established market and food stalls inside it. They also informed the researcher that 
fishermen on the other jetty may have a different opinion about LAMP, and this proved 
to be true. The second jetty was organised by a representative. The representative, a 66-
year old man with a secondary level of education and who received income about 
RM3,000, was interviewed to obtain some information about the issue.  
The second group of people comprised of sellers and buyers in local food stalls. Food-
related business is one of the core economic activities of the local people, and mainly 
relies on fishery products. Their perceptions regarding LAMP issue is also important. If 
the buyers become scared of eating in the stalls and start to bring their own food, the 
sellers may be affected. About 10 people were interviewed (5 buyers and 5 sellers). Both 
sellers and buyers were Malays with all of the sellers being female, while 3 of the buyers 
                                                          
44 There are valid reasons to use this method because for the fisherman’s group, the jetty is a gathering 
place for the fishermen while waiting for their customers after arriving from fishing and while cleaning 
their boats. There are various food stalls operated in Kuantan, but the sellers in stalls close to LAMP’s 
location were interviewed because the owners might be more affected by LAMP’s activities as compared 
to stalls in further away areas. Similarly with the closest residential areas: they were chosen because they 
are the potential victims. 
45 Note: US$1=RM4.12, as of 29 September 2016. 
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were male. Their age range was between 21–63 years old. Most of them (8 people) 
received secondary and tertiary levels of education. The majority of them (9/10) earned 
about RM2,500 (9/10). Three out of five sellers perceived LAMP to be dangerous 
compared to any other factories and they were worried about the possible environmental 
impacts of LAMP. The remaining sellers answered that they either did not know about 
LAMP or LAMP was not dangerous. Three of the buyers believed LAMP to be dangerous 
and the rest of them could not provide a definite answer.  
The third group was composed of the residents of the closest residential areas (within 8 
km from LAMP), Balok Perdana and Balok Permai. Ten residents were interviewed with 
all of them being Malays and half were male respondents. The range of age was between 
23 and 64 years old. Five of them received a secondary level of education, and the 
remaining residents had tertiary (3 persons) and primary (2 persons) education levels. 
Most of their incomes (9 people) were about RM1,500. Six of the respondents did not 
give their opinions about LAMP because they said that LAMP became a political issue 
played by Chinese, as the job opportunities were mostly offered to Malays, thus creating 
dissatisfaction among Chinese, which consequently caused them to make some noise. 
Some of the Malays seem to give a warm welcome to Lynas because some of them have 
benefited from it.  
The last group was the anti-Lynas movement. The Chairman of ‘Save Malaysia, Stop 
Lynas’ (SMSL), and two committees of ‘Stop Lynas Coalition’ were interviewed for any 
updates about Lynas as well as their activities against Lynas. 
Based on the results of the pilot study, it was discovered that the sample area had to be 
expanded into a broader area. People who live in the city, as mentioned by the fishermen, 
refers to the residents of Kuantan district. This group of people had to be included in the 
study because they received more information about LAMP, given the availability of 
internet connections, and might be more educated, which motivated them to get involved 
in the protest. Also, the Malay group was mentioned to have accepted LAMP, and hence 
the Paya Besar district was included, as a large number of Malays live in this area. Paya 
Besar is a FELDA (Federal Land Development Authority) project area that focuses on 
the development of the poor Malay group. Therefore, the whole Kuantan area (consisting 
of three sub-districts) was used as the study area. There is a good reason for taking the 
whole area, because in the mass media report, the words used were ‘Kuantan residents’ 
(SMSL, 2015; Geoffrey, 2012; Noor, 2011; Sani, 2011) who feared LAMP and were 
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involved in protests, instead of ‘Beserah residents’. Thus, it may indicate a larger area of 
Kuantan.  
In addition to the information received from the first pilot study, Teluk Kalung was 
included in the sample due to its proximity to the affected area (Beserah), about 10 km 
away. Beserah and Teluk Kalung are both involved in heavy and large-scale industrial 
activities with fishing as one of the main economic activities for the local people, and 
hence have similar job characteristics, such as working in manufacturing, working as a 
fisherman and being involved in business activities related to fishery products. Semambu 
district focuses on small-scale industries. Teluk Kalung and Semambu can be treated as 
control groups, especially in evaluating the environmental impact of LAMP on the 
property prices. People’ perceptions with regards to LAMP in these areas may be similar 
to those who live in Beserah because they also have similar environmental quality and 
may already be used to the surroundings. However, in terms of their behaviours, they may 
not take any action to avoid the exposure from LAMP because they are not located in the 
affected area. Meanwhile, for the districts of Kuantan and Paya Besar, they are considered 
to be unaffected areas, but may also have concerns about LAMP. 
b. Second pilot study 
Therefore, a second pilot test was conducted to check the relevance of new areas. Three 
main districts–Kuantan (Teruntum, Tanjung Lumpur, Inderapura), Indera Mahkota 
(Beserah, Semambu), Paya Besar (Sungai Lembing, Lepar, Panching) and one sub-
district, Teluk Kalung were analysed. Table 3.1 shows the interested areas with the 
number of total voters collected from the election commission of Malaysia. 
 
Table 3.1 Pre-study area 
Area District  Sub-district Voters Total    
Kuantan Kuantan  Teruntum 25,070    
   Tg. Lumpur 20,793    
   Inderapura 10,852 56,715   
 Indera Mahkota Beserah 32,091    
  Semambu 33,194 65,285 122,000 
 Paya Besar Sg. Lembing 13,755    
   Lepar 15,188    
   Panching 19,523 48,466 170,466 
Kemaman Kijal Teluk Kalung 1,331 1,331 293,797 
         Adapted from the Suruhanjaya Pilihan Raya Malaysia (2015). 
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The total number of voters in Kuantan is 170,466 people. However, according to the 
Department of Statistics of Malaysia (2015), the real number of total population in 
Kuantan in 2015 is 505,800 people, with 260,300 male and 245,600 female.46 Thus, more 
than half of them (335,334) are considered to be non-voters, which includes those below 
21 years old, those who are above 21 years old but did not participate in the election 
process and others, who do not have Malaysian citizenship. Meanwhile, for Kemaman, 
the total population is 201,100, of which Kijal represents 16,600 people, while total voters 
in Teluk Kalung numbers is 1,331 people.  
For the second pilot test, 90 respondents were interviewed from a total of 293,797 voters 
in 9 sub-districts shown in Table 3.1, where 10 people were selected in each sub-district 
using a random sampling method (via random number generator,47 available online). 
Before conducting the second pilot study, some representatives in each area were 
contacted in order to gauge their knowledge and awareness about LAMP issue. Their 
responses were very positive as all of them acknowledged that they and the villagers were 
aware of. Based on the results of the pilot study, it was revealed that some areas were not 
relevant for further analysis. The summary is given as follows: 
 Kuantan: out of thirty people in three sub-districts, 24 respondents were Malay, 
of which sixteen respondents were male and 14 were female. The age group 
ranged between 25 and 78 years old. More than two-thirds of them (22 
participants) had a secondary education. Half of the respondents selected the 
option of ‘others’, which refers to self-employment, as their main occupation. The 
range of income was about RM 250–3,500. One-third of them (11 people) 
believed that LAMP is more dangerous than other chemical industries in Gebeng, 
while 2 individuals believed LAMP is less dangerous, but may cause minor health 
problems, 4 persons thought LAMP is similar to other chemical factories in terms 
of its harmful effects, 7 people did not know how to comment on it and 4 people 
strongly believed LAMP is not harmful. In total, only one person exhibited 
protective action by joining protest. 
 Indera Mahkota: 85 per cent of the respondents were Malay, with eleven males 
and nine females. The range of age group was between 21 and 59 years old. Most 
of them (65 per cent) also had secondary levels of education. More than half of 
them (13) worked in the service sector and were self-employed. The range of their 
                                                          
46 The numbers are projected numbers based on data on population and the housing census in 2010. 
47 http://stattrek.com/statistics/random-number-generator.aspx  
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incomes was about RM 400–3,500. Nine people believed that LAMP is more 
dangerous than other chemical industries in Gebeng, 3 of them believed LAMP is 
less dangerous, but may cause minor health problems, 2 persons thought LAMP 
is similar to the other chemical factories (one person perceived it is harmful and 
another one thought it is not harmful), 6 people responded that they did not know 
about it and there was no one who believed LAMP is not dangerous. Out of 20 
participants in two sub-districts, four people undertook averting behaviour by 
purchasing supplements, rejecting jobs offered in Gebeng, protesting, 
demonstrating and writing a complaint report.  
 Paya besar: out of 26 respondents in three sub-districts, 42 per cent of them had 
never heard of LAMP. 48 Most of them (69 per cent) worked in the agricultural 
sector because they were given 10 acres of land for cultivation. Other than 
television, the food stalls or kedai kopi were one of the main sources of 
information, especially for men. Most women stayed at home or became 
housewives, thus having a lack of information on many current issues. This area 
was quite far from Kuantan city (about 20–40 Km) and further away from Gebeng 
(about 40–65 Km), so they did not think LAMP was a threat to them due to the 
distance factor. Thus, they did not care about LAMP issue; this means they have 
no useful inputs in the perception study and in turn it has no impact on their 
behaviours. Therefore, this area has been omitted from the analysis.  
 Teluk Kalung: half of the respondents had never heard of LAMP. Most of the 
respondents worried about their current environmental pollution and also did not 
care about LAMP issue because LAMP was in Gebeng, Pahang, and they were in 
Kemaman, Terengganu, which is a different state, even though their location was 
not that far. This issue was not of their concern to discuss. Thus, they were 
excluded from the sample.  
 
 
 
 
 
                                                          
48 Four respondents didn’t want to participate in the survey. 
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A summary of the selection method is as follows: 
 
3.4.3 Characteristics of the study area 
Based on the two pilot tests, the final sample comes from Kuantan and Indera Mahkota, 
which consists of five sub-districts. Kuantan is well-known as a tourism destination and 
tourism is one of its major economic sectors. For instance, Teluk Cempedak Beach is 
among the main attractions for tourists, in addition to other beaches (Batu Hitam, Balok, 
Cherating) and waterfalls (Sg. Pandan Waterfall, Sg. Berkelah Waterfall and Jerangkang 
Waterfall). There are also three main parks in the city, namely Gelora Park, Teruntum 
Mini Zoo and Agriculture Park (Ping Anchorage, n.d.). Kuantan is also famous for its 
local products such as handcraft, batik, dried fish crackers and salted fish 
(Heritagemalaysia, 2014; Taib, 2014). Thus, the tourists do not only enjoy the scenery of 
Kuantan, they also get the excitement of shopping for local products. Kuantan is closer 
to Kuala Lumpur (the capital of Malaysia, 250km away) compared to many other east-
coast states, making it easier for people to visit Kuantan. In addition to that, the timber 
and fishing industry also play major roles in the local economy. Due to Kuantan’s 
geographic location (situated in the east coast area) and availability of arable land that are 
suitable for plantation–palm oils and rubbers (Performance Management and Delivery 
Unit, 2011; Hai, 2009), the local people get the benefit of its variety of natural resources 
which can generate income.  
Specifically, Indera Mahkota consists of Beserah and Semambu, which are industrial 
areas. Gebeng Industrial Estate (GIE) located in Beserah is known as a heavy industry 
because most of the operations take place on a large and medium scale, with companies 
from multiple nations. For instance, Petronas Chemicals MTBE Sdn. Bhd., Flexsys 
Chemical (M) Sdn. Bhd., BASF Petronas Chemicals Sdn. Bhd., RP Chemicals Sdn. Bhd., 
Eastman Chemicals (M) Sdn. Bhd., W.R. Grace Specialty Chemicals Sdn. Bhd. and 
First pilot
1 sub-district 
- Fishermen
- Sellers and buyers
- Local residents
- Anti-Lynas group
Second pilot
All districts + 1 sub-
district
- Local residents
Final
2 districts
- Local residents
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others (Perbadanan Kemajuan Negeri Pahang, n.d.). In contrast to Gebeng, the Semambu 
industrial area has mostly (50 per cent) small-scale industries involved in engineering 
equipment and machinery, furniture and wood processing (17 per cent), food and 
beverage production (11 per cent) and production of rubber, electrical equipment, 
concrete materials and petrochemical (Rostam, 2000). The establishment of both 
industries, Gebeng (853.9 hectare) and Semambu (187 hectare), in addition to Kuantan 
Port (155 hectare), had encouraged job opportunities (Rostam, 2000). In addition, the 
three beaches mentioned above (except Teluk Chempedak) are located in Beserah; thus 
various food stalls and restaurants are available in this area.  
Kuantan district comprises of three sub-districts where Teruntum is the city area and has 
various facilities such as shopping complex. Inderapura is close to Teruntum and has 
similar characteristics but with fewer facilities. Meanwhile, since Teluk Chempedak 
beach is located in Tg. Lumpur, thus the area is full of food stalls and restaurants, home-
stays and resorts. Map 3.1 shows that Beserah is the biggest sub-district in the study area. 
However, this area is less populated and the residential area is scattered along the coast 
line. About half of its area is covered by forest. Heavy industries are located close to each 
other and near to the Kuantan port for easy transportation purposes. A few resorts are 
located in the north-east of Beserah. Semambu is more populated than Beserah, with 
small-scale industries being actively operated. Teruntum, though the smallest sub-district, 
has the highest density of population, because it houses the city of Kuantan. Tg. Lumpur 
is close to Teruntum, and so many residential areas are built in this sub-district. It is also 
known for its tourist attractions. Inderapura has the lowest number of people according 
to the election commission data and shown on Map 3.1.  
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Map 3.1 Kuantan area 
 
          Source: CartoGIS CAP Australian National University 
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 3.4.4 Sample size 
Two main districts are analysed in this study, with a total number of voters of 122,000 
people. Out of this number, 651 people were surveyed, comprising approximately 0.5 per 
cent of the population. However, 81 people were excluded from the analysis because of 
certain reasons: a protest response (answering ‘I don’t know’ for all questions), their ages 
were below the minimum criterion, they lived in a different area than that specified in the 
survey form, they did not fill in the perception part, and/or they had never heard about 
LAMP. A Chi-square goodness of fit (discussed in Chapter 4) showed that the sample 
size (in terms of gender) in this dissertation did not represent the total population due to 
two different sampling methods.49   
Several guidelines have been provided by various studies on how big the sample size 
should be in order to represent the whole population. A big sample size is necessary so 
that the findings can be generalised to other cases. The rule of thumb is that the bigger 
the sample size is, the better it is (Cabrera-Nguyen, 2010). However, sometimes it may 
not be practical and economically efficient to get a larger sample size, for instance, 1,000 
respondents.  
According to Field (2009, p.222), Green (1991) provided two rules of thumb for the 
minimum acceptable sample size. If individuals want to test the overall fit of their 
regression model (R2), the recommended sample size is 50+8K, where K refers to the 
number of independent variables. If s/he wants to test the individual predictors, then a 
suggested sample size is 104+K. Thus, if this dissertation has 20 independent variables, 
for example, the first and second recommendations would require this dissertation to have 
at least 210 [=50 + 8(20)] or 124 [=104 + 20] respondents respectively.  
Pallant (2007) mentioned that Steven (1996, p.72) proposed 15 subjects for each 
predictor, while Tabachnick and Fidell (2007) suggested that the sample size should be 
N > 50 + 8 M, where M is the independent variable. Thus, based on the suggestions 
offered by Steven, the sample size should be 300 (=20 x 15) if the independent variable 
is 20, while it needs 210 [=50 + 8(20)] respondents according to Tabachinick and Fidell. 
Considering all these guidelines, the sample size in this dissertation exceeded these rules. 
Based on the above discussion, it shows that this dissertation has followed all the 
statistical procedures for the sample size. 
                                                          
49 See Chapter 4, p.102 for the details. 
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3.5 QUESTIONNAIRE  
 
3.5.1 Questionnaire design 
 
In designing the questionnaire, materials from different fields of studies were used.  
Published articles and journals related to rare earth impacts, perception studies, averting 
behaviours and hedonic price studies were considered. Responses and opinions of the 
local communities reported in the mass media also became one source of information 
used to design the questionnaire, particularly for the perception part.  
After designing the questionnaire items, a DOE officer who monitored LAMP project 
was consulted, particularly to clarify the items pertaining to perceptions. The purpose of 
discussing the items with the DOE officer was to determine the internal validity of the 
survey. It was found that a few items designed were not appropriate in the current context. 
For instance, ‘air pollution from LAMP’s operation contaminates local crops’, ‘air 
pollution from LAMP’s operation contaminates local animals/livestock’, ‘river pollution 
from LAMP’s operation contaminates local crops’ and ‘river pollution from LAMP’s 
operation contaminates local animals/livestock’. These items were omitted from the 
environmental quality and local production parts. Some items in the local production and 
human health also have been dropped.50 For instance, ‘eating local crops affect people’s 
health’ and ‘eating local animals/livestock affect people’s health’. According to the 
officer, local crops and animal/livestock are not affected. The officer also found the word 
used for ‘fish’ was not appropriate and changed it to ‘aquatic species’, which has a 
broader meaning.  
In addition, a property developer, PASDEC Holdings Bhd., was interviewed to discuss 
factors that determine the housing price in the area. PASDEC is a reputable property 
developer in Pahang and has built both residential and commercial properties in Kuantan, 
Gebeng, Balok, Rompin, Raub and other areas in Pahang. After the discussion, some 
items were omitted. For instance ‘garden’ in the structural characteristics and ‘property 
tax’ were found irrelevant in the context of Malaysia because ‘garden’ is not always 
                                                          
50 This dissertation assumes the information given by the DOE officer reflects the true environmental 
condition in the study area because he lived and conducted monitoring activities for more than 10 years. 
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embedded in the house characteristics and the stamp duty is small,51 thus it will have no 
impact on the house prices.  
However, the staff added some important points to the questionnaire. For the house 
structure, finishing (such as tiles, marbles and woods) is one of the criteria considered by 
the customers. Factors such as ‘distance to shops’, ‘distance to mosque’, 
‘Bumiputera/non-Bumiputera area’ and ‘free-flood area’ are important factors in 
neighbourhood characteristics. A house that is close to shops and free from floods would 
be more in demand. Houses in the Bumiputera areas are cheaper than in the non-
Bumiputera areas. The ‘distance to the mosque’ has different effects for Muslims and 
non-Muslims—with the former it has a positive and with the latter it has a negative effect. 
Also, the variable of ‘type of construction’ in the structural characteristics has been 
changed to ‘building material’ because it is more appropriate.  
After some revisions were made to the existing questionnaire, the first pilot test was 
conducted with four different groups (fishermen, sellers and buyers, local residents and 
the anti-Lynas group), as mentioned before, for the purpose of getting to know their 
opinions and responses. This was also meant to identify any potential problems associated 
with the questionnaires, thus allowing for the restructuring of questions before the real 
data was collected. Based on the result, a few questions were adjusted. The first item was 
the income range of the respondents in the demographic part. When they were asked about 
their income range, all of them straight away gave the estimated amount of their incomes, 
thus, there was no need to read all the ranges and it was quicker as well. Thus, the 
categorical question for income range was changed to an open-ended question.  
Second is public perceptions. When people were asked about their opinions on something, 
people had a lot to say to justify their arguments. For instance, ‘What type of pollution 
are you worried about the most? Please rank…’. People did not just rank them, they also 
provided justification for each of their answers. Thus, a space was added next to the 
answers for those who would like to give a proof or reasoning for their statements. Also, 
for the outcome and likelihood questions, the fishermen and residents tended to explain 
their arguments with evidence. The reason for this is that some of the fishermen used to 
work in factories for a long period of time, and became fishermen when they retired. 
                                                          
51 Stamp duty depends on the house price. For instance, for the first RM100, 000, it will be taxed 1 per 
cent from the house price. For the next RM100,001–500,000, it will be taxed 2 per cent and for 500, 001 
and higher, the amount is 3 per cent. Detailed information can be found in 
http://www.jpph.gov.my/V2/kira_dutisetem.php?versi=2.  
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Thus, they had some experience how the factories are operated. Besides, when they 
responded to the comparative question between LAMP and other chemical industries, 
some said that LAMP is similar to other chemical industries because they are of the same 
type. On one hand, one group believed that they are all dangerous because they are 
classified as heavy industries. On the other hand, another group believed that they are not 
dangerous because they are monitored by the DOE. Thus, an additional categorical 
answer was created for this question.  
Because the area of study was expanded, a second pilot study was conducted with 
respondents of different demographic background and environmental condition. Based 
on the result, three items were revised. The item on respondents’ income had to be revised 
again because for the non-Malays, asking about their estimated incomes is considered a 
sensitive question, whereas the range of income is more acceptable. Some respondents 
asked for a clarification on the meaning of short and long terms, and thus definitions were 
provided in the questionnaire. The last amendment was in part three, household 
behaviour. Because many people participated in the protests and gatherings, they could 
not determine the cost of their involvement. Thus, additional questions were created to 
tackle this problem. 
 
3.5.2 Questionnaire categories 
 
In general, the questionnaire was designed in various forms such as categories, likert-type 
scale and open-ended questions. In this dissertation, two types of questionnaires were 
designed: one for residents, and the other one for the experts. The questionnaire for the 
experts is simpler and shorter than the respondents’ questionnaire because it only has two 
parts: the expert’s background and opinions. However, they are expected to give a 
detailed justification for their statements.  
The questionnaire for the respondents has four parts. The first part of the questionnaire is 
about demographic characteristics of the household such as race, gender, education and 
so on. This part is important as these factors may affect people’s perceptions and their 
behaviours. The second part of the questionnaire is about their perceptions of LAMP. A 
general question about their current environmental quality is posed as an introduction for 
the perception question. If they (those who live in LAMP area) perceived their current 
environmental quality as satisfactory, but rated LAMP’s impact on their environment as 
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serious or very serious, it reflects their dislike toward the company, suggesting their 
statements are driven by emotion rather than actual experience.  
Their general perceptions of LAMP as compared to the other chemical industries in 
Gebeng are also queried. For those who answered that LAMP is ‘more dangerous’ or 
‘dangerous’, a reason/s for their statement is needed. The mass media portrayed the local 
people fear LAMP’s adverse environmental effects due to some prevalent reasons, 
namely the previous Asian Rare Earth (ARE) establishment, the Fukushima accident in 
2011 and the Chinese legacy of harmful effects on humans’ health and the environment. 
Thus, respondents’ answers can verify this statement. The medium used by the local 
people to obtain information about Lynas is also important because it may shape the way 
people think and perceive it. If people receive information from unverified sources, they 
can be manipulated by certain parties, thus affecting the reputation of the company, which 
may also have policy implications.  
Also, the questionnaire asks about respondents’ knowledge about REEs because it is 
expected that those who know about the importance of REEs may perceive LAMP 
differently from those who know nothing about it. The last question in the second part of 
the questionnaire asks about the details of public perceptions on the certain impacts 
(outcome) of LAMP and likelihood of those impacts occurring in the short- and long-
terms. The short-term is defined as less than five years from 2015, whereas long-term is 
more than 10 years from 2015. The outcome is given in the form of likert scale: 1 (absent), 
2 (marginal), 3 (moderate), 4 (serious), 5 (very serious) and 6 (I don’t know). Each 
outcome has its own definition to give a clear understanding on the subject matter.  
‘Absent’ is defined as ‘there is no change to the current condition/quality’. It means that 
operation of LAMP will have no impact on the environmental quality. ‘Marginal’ shows 
there are some changes to the current condition/quality, but cannot be felt by humans’ 
senses. Even though the outlook/appearance of the environmental quality shows no 
change, people feel that there are small impacts on the environment. For ‘moderate’, 
people can see/feel a slight change in the outlook/appearance of their environment in 
terms of visual characteristics, for instance, smell, colour and/or look, but these changes 
will not affect or harm living things.  
Nevertheless, when people rated the outcome as ‘serious’, it means that the operation of 
the plant caused minor effects on the living things or made them become unhealthy, for 
example, suffering from headaches, sore throats, breathing problems and flu. For the flora 
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and fauna, there is a reduction in their quantity or growth rate. ‘Very serious’ impact 
reflects that there are major effects or serious health problems suffered by human beings, 
such as asthma, severe allergies, cancer, leukaemia and tumours or death to fish or trees 
(including fruitless trees). The last scale (6) refers to ‘I don’t know’. Some people do not 
know how to answer the question because they are not aware of the matter or they just do 
not want to answer it. 
The likelihood of outcome and its percentage to occur are also presented in a scale, 
ranging from ‘almost never’ (0-19 per cent), and followed by ‘unlikely’ (20-39 per cent), 
‘possible’ (40-59 per cent), ‘likely’ (60-79 per cent) and ‘almost certain’ (80-100 per 
cent). The last scale (6) is for those who also do not know how to rate the likelihood of 
occurring of the impacts. Specifically, the outcome is divided into four main parts: i) 
environmental quality, ii) environmental quality and local production, iii) environmental 
quality and human health (via exposure), and iv) local production and human health (via 
consumption). Information from the first part (demographic characteristics) and the 
second part (people’s perceptions) of the questionnaire are used to write chapter four. 
The third part of the questionnaire focuses on averting behaviour (AB) and AB is 
discussed in chapter five. Source of information received about LAMP and trust of the 
company are two important variables, which may affect people’s behaviours. Thus, these 
questions were asked. The respondents were also asked whether they have undertaken 
any averting behaviour to reduce the exposure from LAMP. If they did take some actions, 
they were then asked to estimate the costs associated with their actions. Asking this 
question yields rich information on what type of actions that have been taken by them. In 
addition, many people were involved in protests, but could not estimate its cost. Thus, 
specific questions were designed to tackle this problem. For instance, How far is the 
distance between their house and the protest location? How much is the estimated fuel 
cost? How long has the protest taken place and how many times were they involved in 
the protest?  
Also, a specific example of averting behaviour taken by the local people is expected, 
which is people’ avoidance or reduction in purchasing local goods from the affected area. 
Thus, a detailed information about their market location, costs, time spent, frequency of 
going and amount of money spent in the market were asked in two periods: before and 
after the establishment of LAMP. If a person fears environmental impacts of LAMP, s/he 
may change her/his market location or reduce the amount of money spent in that market. 
However, some people may change the market location because of other reasons such as 
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variety of choices and that the goods and services are sold at a cheaper price in the other 
market. Thus, to avoid a joint production problem, reason/s of changing behaviour was 
asked. 
The last part of the questionnaire (forth part) focuses on housing prices and this 
information was used to write chapter six. Factors influencing house prices, namely 
structural (such as type of house, number of bedrooms and age of house), neighbourhood 
(distance to school and shop) and environmental (pollution variables) characteristics are 
listed in a box in the survey.  
 
3.6 DATA ANALYSIS52 
 
Chapter four, public perceptions, is more descriptive in nature, and thus uses a descriptive 
analytical technique and a cross-tabulation to analyse the data. The different ways of 
interpreting the scenario given by different experts with different backgrounds were 
elaborated in a detailed manner in this chapter. Formula of the Water Quality Index (WQI) 
and the Ground Level Concentration (GLC) were applied so that a general conclusion 
about the river water quality and soil quality in the study area can be derived. Meanwhile, 
for air quality, the Air Pollution Index (API) cannot be calculated due to lack of ozone 
(03) data. However, data on individual pollutants in four different sites were compared 
with the limit set by Malaysia’s authority and WHO guidelines. Because the monthly data 
on air and water pollution were incomplete, the interpolation technique was used to 
estimate the missing values using the known data points. The cubic spline method was 
employed to interpolate the data because the available data were non-linear and 
fluctuated.  
A Chi-square test was applied to check whether the sample collected is representative of 
the population. Moreover, correlation tests and logistic regressions were used to 
investigate the relationship and factors affecting people’s perceptions. Perception is 
categorised into two areas: perceived air pollution (due to availability of air pollution 
data) and perceived environmental and health impacts of LAMP. Because there are 14 
items asked regarding perception in the questionnaire, a principle components analysis 
                                                          
52 Statistical Package for the Social Science (SPSS) version 21, Stata 13 and Maple 2015 were employed 
to analyse the collected data. SPSS is useful to give a general idea on how the data look like. Specifically, 
demographic tables and principle components analysis were constructed using SPSS. Stata 13 is used to 
do the statistical analyses (ie: Tobit and difference-in-difference) because it has various and complex 
analyses which are needed in the dissertation. Meanwhile, Maple 2015 is applied to interpolate the 
missing data in Air Pollution Index (API) and Water Quality Index (WQI).    
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(PCA) was used to simplify these items. Prior to performing a PCA, the suitability of data 
for factor analysis was assessed. Inspection of the correlation matrix revealed the presence 
of all coefficients of .3 and above. The Kaiser-Meyer-Oklin value was .94, exceeding the 
recommended value of .6 (Kaiser, 1970, 1974) and Bartlett’s Test of Sphericity (Bartlett, 
1954) reached statistical significance, supporting the factorability of the correlation.  
A PCA revealed the presence of two components with eigenvalues exceeding 1, 
explaining 67.3 per cent and 12.8 per cent of the variance respectively. An inspection of 
the screeplot (Graph 3.1) revealed a clear break after the second component. Using 
Catell’s (1966) scree test, it was decided to retain two components for further 
investigation. This was further supported by the result of Parallel Analysis, which showed 
only two components with eigenvalues exceeding the corresponding criterion values for 
a randomly generated data matrix of the same size (14 variables x 651 respondents). The 
two components solution explained a total of 80.1 per cent of the variance, with 
Component 1 contributing 67.3 per cent and Component 2 contributing 12.8 per cent. To 
aid in the interpretation of these two components, oblimin rotation was performed (see 
Table 3.2). The rotated solution revealed the presence of a simple structure (Thurstone, 
1947) with both components showing a number of strong loadings and all variables 
loading substantially on only one component. There was a positive correlation between 
the two factors (r=.64), suggesting the use of two perceptions as separate scales: main 
(direct) and subsequent (indirect) impacts.  
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Table 3.2 Pattern and structure for a PCA with oblimin rotation of two factor 
solution of public Perception Items 
 
Graph 3.1 Screeplot 
 
Chapter five (averting behaviour) uses simple mathematical calculations to compute the 
number of respondents who are involved in protective action and the cost incurred 
associated with the action taken. A logit model was employed to analyse factors that 
influence the respondents to take AB. A tobit regression was used to estimate the 
magnitude of AB (using averting expenditure) incurred by the local people.  
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Chapter six focuses on the property prices. Secondary data were analysed using ordinary 
least square (OLS) and difference-in-difference (DID) methods. Meanwhile, primary data 
were analysed using simple OLS. In addition to that, a Chi-square and multiple correlation 
tests were conducted to ensure that the sample represents the population and to check the 
strength among the independent variables.  
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CHAPTER 4 
 
PUBLIC PERCEPTIONS OF LYNAS ADVANCED MATERIAL PLANT 
(LAMP) 
 
4.1 INTRODUCTION 
  
This chapter examines residents’ perceptions of LAMP. Specifically, this chapter raises 
four main questions: i) How do the local people perceive LAMP in general and specific 
contexts? ii) Are their perceptions consistent with experts’ views? iii) What do scientific 
data reveal? iv) What is the role of information received about LAMP on public 
perceptions? To address these questions, primary data were collected based on a semi-
structured questionnaire from 570 respondents who live in five different areas. Interviews 
with experts from four sources—the Department of Environment (DOE), the Atomic 
Energy Licencing Board (AELB), LAMP and an external institute—were conducted in 
person or via email correspondence. Secondary data were collected from various official 
sources (described in Chapter 3), published articles, and scientific reports. Data on air and 
river quality in the area were obtained from the DOE. 
Data were analysed in four distinct ways. First, questionnaire data on people’s perceptions 
were analysed using a descriptive analysis and a cross-tabulation technique. A Chi-square 
test was also used to check for the goodness of fit of survey data. Second, a descriptive 
method was used to address data from interviews with experts from the DOE, AELB, 
LAMP and the external institute. The scientific data concerning air and river water quality 
being incomplete, in the third section an interpolation technique using cubic spline was 
used to estimate the missing values (refer to Chapter 3). Air quality data were then 
compared with the DOE and the World Health Organisation (WHO) 2005 standards, 
while river water data were computed and compared with the Water Quality Index (WQI), 
to determine the relative pollution levels in the area of LAMP. Data from the DOE and 
Malaysian Meteorological Department (MMD) were used to calculate the ground level 
concentration. Last, correlation tests and logit regressions were used to examine 
relationships of variables and the role of information received in influencing public 
perceptions. 
This chapter is organised as follows. It starts with a review of previous perception studies 
to identify the gaps in the literature. These gaps helped to form the objectives of this 
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chapter. It then presents the analyses and findings that test the core argument. Lastly, the 
conclusion provides brief findings of Chapter 4.  
 
4.2 PREVIOUS STUDIES ON PERCEPTION 
 
A large number of studies that has been conducted to study human perception of 
environmental impacts of industries that can potentially affect local communities can be 
centralised in three focus areas: perceived impact of industries, perceived impact and its 
determinants, and perceived impact and its comparison with scientific data, and/or 
industries’/experts’ views. A typical perception study analysed how societies perceive the 
impact of a particular industry on their health and environment (Obafemi, Eludoyin and 
Akinbosola, 2012). For instance, Zakrison et al. (2015) explored locals’ perceived 
impacts of gold mining, particularly in terms of health, environment and economic 
impacts, in post-war El Salvador, Latin America. A total of 32 community leaders and 11 
interviews were conducted using purposive and snowballing sampling techniques. The 
results showed that participants believed the chemicals and mining tailings posed a threat 
to the aquifer system and created water stress due to large volumes of water used during 
the mining process. The respondents perceived that animals’ and humans’ health were 
affected, and denied the role of mining in spurring national economic growth.    
Some studies examined factors influencing people’s perceptions. For example, Afroz et 
al. (2015) analysed households’ perceptions of water pollution, its impact on human 
health and its determinants in Malaysia. The questionnaire via face-to-face interview was 
conducted using a purposive sampling method with a final sample of 248 respondents. 
The results revealed that a majority of respondents were aware of the causes of water 
pollution (96 per cent) and their harmful effects (72 per cent) by ranking diarrhoea as the 
most serious effect of polluted water, followed by dengue fever, malaria, typhoid, 
hepatitis and hair disease. This study also showed that education, income, gender, age, 
awareness of water pollution and attitude towards water pollution have significant effects 
on household risk perception of water pollution.  
However, when analysing the determinants of perception, previous studies revealed that 
people’s perceptions were often not consistent with each other (Melo et al., 2015; Liao et 
al., 2015; Shi and He, 2012; Brody, Peck and Highfield, 2004) because different 
individuals will have different perceptions, and this inconsistency caused errors and bias 
(McShane & Glinow, 2003; Pidgeon, 1998). Therefore, some studies tried to reduce this 
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common problem associated with perception studies by comparing people’s perceptions 
with the actual scientific data or/and studies to check the reliability of perception data 
(Campbell, 2014; Vázquez et al., 2012; Dogaru et al., 2009).  
For instance, Wright et al. (2014) analysed the perceived risks of dust and its impacts on 
the life of a gold mining community in Witwatersrand, South Africa. A structured 
interview involving 62 participants was used, and the results showed that the community 
perceived dust problem, which mostly came from mine dumps, was getting worse and 
causing nuisance, damaging property, contaminating food and affecting community’s 
health. Monitoring data on air quality also showed that ambient dust levels were relatively 
high compared to the proposed 2015 National Ambient Air Quality Standard.  
Faulkner et al. (2001) also used real data to check residents’ perceptions of the changes 
in water quality following remediation work in the upper Pymme’s Brook catchment, 
London. A questionnaire based on a random sampling method of 80 respondents was 
compared with monitored changes in Escherichia coli (E. coli) count and Biological 
Monitoring Working Party scores collected from 1990 to 1996. The actual water quality 
indicated that E. coli counts had reduced after the completion of the remedial engineering 
works. The survey result showed that between 3 and 46 per cent of respondents perceived 
that the watercourse contained less rubbish and sewage fungus and saw an improvement 
in colour and smell, which was parallel with the actual data.  
Obiri et al. (2016) also found similar finding with the previous studies indicating real data 
was in tandem with communities’ perceptions when analyse the impacts of artisanal gold 
mining on communities’ livelihood in Tarkwa Nsuaem, Ghana, with a total of 250 
randomly selected residents. The logistic regression revealed that 93 per cent of the 
communities perceived that mines have polluted the water bodies. About 200 water 
samples were collected and tested randomly, and the results showed that the level of 
heavy metals (As, Hg, Mn, Pb and Cd) in water samples in most cases exceeded GS175-
WHO permissible guideline values. 
However, people’s perceptions will not always be consistent with the actual data. Turgeon 
et al. (2004) found the opposite result when they examined the influence of geographic 
location on perception of drinking water in Sainte-Foy and Quebec City, Canada using 
two survey data sets. Perception was measured in terms of general satisfaction, taste 
satisfaction and risk perception. It was found that those who live near the treatment plant 
perceived more risk of tap water contamination due to residual chlorine compared to those 
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who live further away, even though the risk actually increased with the distance from the 
water treatment plant, showing that people’s perceptions contradicted the reality.  
In addition to scientific data, Sarkar, Krishnapillai and Valcour (2012) included experts’ 
views in their study to have a clear understanding of a private groundwater problem. 
Water samples were collected from both drilled wells and dug wells. Out of 39 samples 
regularly tested for non-microbial parameters of the guideline for Canadian Drinking 
Water Quality, 24 samples revealed health concerns such as total coliform, faecal 
coliform, arsenic, fluoride, iron and manganese. However, people’s perceptions had a 
mixed view. The majority of the well owners (87 per cent of drilled-well and 94 per cent 
of dug well users) perceived that their water was not contaminated, but laboratory tests 
showed the opposite: 55 per cent had aesthetic and contaminant parameters higher than 
the guideline values for drilled wells, and 67 per cent for dug wells. Some people 
complained about sulphur, sodium and high salinity, but the results showed the opposite, 
ie: no sulphur and sodium and low salinity. Well drill experts stated that iron, sulphur and 
salt in the bedrock were the main contaminants of well water, while the health and 
environmental officers believed that the risk of contamination was due to people’s 
irresponsible behaviours, for example, they did not send their samples for a free lab test.  
Numerous studies have been conducted related to public perceptions that emphasise the 
perceived impacts of certain industries, factors affecting perception and supporting 
information from the scientific data and/or industries’/experts’ views. However, despite 
the extensive literature on perception, studies that are supported with scientific data and 
experts’ views are lacking. Also, perception studies on REEs industry is not available, at 
least in English, although the impacts felt by the Chinese (where the rare earth industries 
are so paramount) were argued to be severe, as reported by various sources (Kaiman, 
2014; Bradsher, 2013; Burgueño, 2013; Klinger, 2013; Buckley, 2010; Hurst, 2010).  
Most research in REEs came from scientific studies that had supported the possible 
detrimental health effects of rare earth industries (Zhu et al., 2005; Chen et.al, 2004; Porru 
et al., 2000; Zhang et al., 1999b; Vocaturo et al., 1983; Sabbioni et al., 1982), but there 
was no emphasis how people perceive the health and/or environmental impacts. In 
addition, most perception studies only discuss the immediate perceived impacts, whereas 
the impacts of pollution from mines or industries have long-term repercussions, and 
according to some studies (Rha et al., 2016; Beverland et al., 2012; Katanoda et al., 2010), 
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the long-term effects are more serious compared to the immediate ones, due to 
accumulative effects. Therefore, this chapter intends to fill the gap in the literature. 
 
4.3 FOUR ANALYSES AND FINDINGS 
 
There are four major analyses or sections in this chapter. The first one describes people’s 
perceptions of the impacts of LAMP, while the second analyses experts’ views and the 
controversy about LAMP issues. Data on air, river and ground level concentration, and 
their indications of current environmental quality are explained in the next section. 
Several scientific terminologies are also introduced and clarified in this part to provide a 
better understanding of the topic. The last part examines factors affecting residents’ 
perceptions. 
 
4.3.1 People’s perceptions 
 
This section describes the characteristics of respondents, environmental issues and locals’ 
knowledge about REEs, and people’s perceptions of LAMP. It also offers a summary on 
public perceptions.  
 
4.3.1.1 Characteristics of respondents 
 
Table 4.1 displays the socio-demographic characteristics (see Part 1 in Appendix B) of 
570 respondents in five areas (see ‘total’ column). Thirty-one per cent of respondents are 
from Teruntum, 12 per cent from Tanjung Lumpur, 11 per cent from Inderapura, 21 per 
cent from Beserah and 24 per cent from Semambu. Out of this sample, 56 per cent of the 
respondents originally came from that area. For those who are from other areas (44 per 
cent), more than half of them are non-recent migrants (7-20 years), and only 12 per cent 
are recent migrants (6 years and less) who had come to that area temporarily for the sake 
of job opportunities. More than half of the sample (57 per cent) is Malay, while non-
Malay respondents represent 43 per cent. The proportion of males (55 per cent) is slightly 
higher than the proportion of female respondents (45 per cent). In terms of age, it is 
divided into a few categories: 21-30, 31-40, 41-50, 51-60, and 61 and above. This is 
because each group has a different level of financial stability (Luong and Hébert, 2009).  
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Most of the people in the sample are married (73 per cent), while the remaining 22 per 
cent are single and 5 per cent are divorced and widowed. Regarding educational 
background, almost half of the sample have secondary education (48 per cent), followed 
by tertiary (42 per cent), primary (9 per cent) and no formal education (1 per cent). Types 
of occupation are diverse: the highest number comes from the service sector (57 per cent), 
followed by ‘other’53 (26 per cent), no income54 (9 per cent), manufacturing (7 per cent) 
and agricultural sector (2 per cent). As for the respondents’ incomes, they are divided into 
a few categories. Twenty-three per cent of the sample lies below the poverty line (PLI)55 
which is RM 950 (≈ $230)56. However, based on the other two poverty indicators57—
mean monthly household income (RM 4,343 ≈ $1,054) and consumption expenditure 
(RM 2,963 ≈ $ 919) in the state of Pahang58—more than half of the sample lies below 
that level, at 89 and 69 per cent respectively. Approximately 67 per cent of the total 
sample have ‘good’ and ‘very good’ health and some have ‘fair’ health condition (22 per 
cent). Only a small percentage of the respondents (10 per cent) have ‘poor’ and ‘very 
poor’ health problem. 
Table 4.1 Perceptions and characteristics of respondents 
Variables  Perceptions of LAMP Total  
Not Dangerous Dangerous I Don’t 
Know 
District 
Teruntum 
Tg. Lumpur 
Inderapura 
Beserah 
Semambu 
 
13 (7.2) 
11 (15.5) 
18 (27.7) 
9 (7.5) 
17 (12.6) 
 
143 (79.4) 
34 (47.9) 
39 (60) 
91 (76.5) 
102 (75.5) 
 
24 (13.3) 
26 (36.6) 
8 (12.3) 
19 (16) 
16 (11.8) 
 
180  
71  
65  
119  
135  
Race  
Others 
Malays 
 
7 (2.8) 
61 (18.8) 
 
217 (88.2) 
192 (59.2) 
 
22 (8.9) 
71 (21.9) 
 
246 
324  
Gender 
Female 
Male  
 
34 (13.2) 
34 (10.9) 
 
182 (70.8) 
227 (72.5) 
 
41 (15.9) 
52 (16.6) 
 
257  
313  
Age Group     
                                                          
53 Self-employed and pensioners. 
54 Those who are still studying or housewives. 
55 PLI refers to sufficient income to cover the basic necessities that consists of food and non-food items 
based on state and strata (rural and urban). Non-food items include cloth, rent, fuel, electricity, basic 
facilities, transportation, etc. (Muhamed and Haron, 2011). 
56 US$1=RM4.12, as of 29 September 2016. 
57 To estimate poverty in terms of monetary measures, income or consumption can be used as an indicator 
of human well-being (Haughton and Khandker, 2009).  
58 Mean monthly income in Malaysia in 2014 is much higher (RM 6,141) and may not reflect the local 
condition, thus, the state value was used. The mean monthly household consumption expenditure of 
Malaysia is also much higher than the state of Pahang, around RM 3,578. 
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21-30 
31-40 
41-50 
51-60 
61 & Above 
17 (13.3) 
22 (15.8) 
15 (11.3) 
10 (9) 
4 (10.8) 
106 (70.7) 
98 (70.5) 
101 (75.9) 
80 (72.1) 
24 (64.9) 
27 (18) 
19 (13.7) 
17 (12.8) 
21 (18.9) 
9 (24.3) 
150  
139  
133  
111  
37  
Education 
None 
Primary 
Secondary 
Tertiary  
 
0  
6 (12.2) 
42 (15.3) 
20 (8.3) 
 
2 (33.3) 
30 (61.2) 
176 (64) 
201 (83.7) 
 
4 (66.7) 
13 (26.5) 
57 (20.7) 
19 (7.9) 
 
6  
49  
275  
240  
Income 
Below RM1, 500 
RM1, 501 – 3, 500 
RM3, 501 – 10, 000 
RM10, 000 & Above 
 
35 (14.8) 
22 (10.9) 
10 (8.9) 
1 (5) 
 
143 (60.6) 
150 (74.2) 
98 (87.5) 
18 (90) 
 
58 (24.6) 
30 (14.8) 
4 (3.6) 
1 (5) 
 
236  
202  
112  
20  
Total 68 (11.9) 409 (71.7) 93 (16.3) 570 (100) 
  Source: Authors’ calculation based on the field survey. 
  Note: Numbers in parentheses are percentage of total sample in each category. 
 
4.3.1.2 Overview of environmental issues and knowledge about REEs 
 
A general question about the environmental issues that people are most concerned or 
worried about in their area was asked (refer Part 2 in Appendix B). The results, based on 
a six-rank scale listed in Table 4.2, show that almost half of the respondents (47 per cent) 
are worried about air pollution. This is due to open burning of forest and companies’ 
activities (domestic and international) that caused haze. Bauxite mining activities and 
house construction also produced dust, as trucks that carry minerals or raw materials 
frequently used the public road and/or come in and out from the residential areas. 
Residential houses that are close to the road or highway also suffer from dust and smoke 
emitted by vehicles.  
The second major concern was about the river water, approximately 23 per cent of the 
total response. According to local fishermen and some local residents, different industries 
legally or illegally dump their waste into the river and this situation has changed the 
physical appearance of the river. The river water has become cloudy, dirty and sometimes 
oily. Also, the soil issue (18 per cent out of total response) was seen as a concern by some 
people because they have observed that the soil is now infertile and dry. In addition to 
that, some people were not aware of the environmental problems stated in the 
questionnaire because they were more worried about floods during the monsoon season 
due to its location in the east coast area. During this time they suffered loss in terms of 
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property damage and no income for flexible income earners such as fishermen and 
businessmen who deal with food related business.  
Some people were also unaware of river water and groundwater problems because they 
lived further away from the river source and could not determine the quality of their 
groundwater. Thus they were not worried about these problems. Some respondents 
became accustomed to their surroundings and hence they did not feel there was a problem 
at all. These people have been exposed to or experienced with different types of pollution 
on the road and/or workplace, particularly air pollution, and thus their level of tolerance 
is higher than those who live in a non-polluted area.  
Table 4.2 Environmental issues 
Environmental 
Issues 
n Major 
Worry 
1 
 
2 
 
3 
 
4 
 
5 
Not a 
Worry 
6 
% % % % % % 
Air  570 47.4 8.6 3.7 1.2 4.7 34.4 
River water 570 8.9 23.3 10 8.8 1.6 47.5 
Soil 570 3.2 5.1 18.1 15.3 6.3 52.1 
Groundwater 570 5.6 10.4 12.5 14.7 2.3 54.6 
Noise  570 13.2 9.1 4.6 5.8 19.1 48.2 
    Source: Authors’ calculation based on the field survey. 
The respondents were also asked about their knowledge and understanding of REEs as 
LAMP processes these minerals. Those who know about the importance of REEs might 
perceive Lynas differently from those who know nothing about them. More than half of 
the respondents (61 per cent) did not know about REEs. Thirty-four per cent of them 
acknowledged the importance of these minerals and the remaining small percentage (5 
per cent) believed that REEs are not important in their life because they are dangerous for 
human beings and many countries have rejected suggestions of processing these minerals. 
For those who responded that they know about REEs, 25 per cent were well-informed 
that these minerals are important ingredients used in daily commodities, especially to 
produce smart phones. Also, some of the respondents were aware of REEs’ functions in 
high-technology (14 per cent) and green technology (10 per cent).  
 
4.4.1.3 Perceived impacts: general and specific contexts 
 
Kuantan, located on the east coast of Malaysia, is well-known for fishing, fish processing 
and food-related activities (East Cost Economic Region Development Council, 2013). 
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Environmental contamination is a threat to income sources of certain locals as it might 
affect local food production. Specifically, the nearest river and coastal area to LAMP is 
known as Balok. According to the fishermen’s representative, Balok River serves many 
purposes: it is a place for mangrove habitat, leisure activities and income earning 
purposes. The river is connected to the Balok Beach, which is used for recreational 
activities, such as camping, swimming and windsurfing. Balok, according to Nelson et al. 
(2016), is also one out of only two places in the east coast of peninsular Malaysia known 
for spawning activities for horseshoe crabs. Due to available resources from the sea, many 
food stalls and restaurants have been opened in the Balok area.  
i. General view of LAMP  
In general, LAMP’s environmental impacts were compared with the other chemical 
industries or heavy industries in the nearby area (see the last row in Table 4.1). A small 
percentage of the sample (12 per cent) believed LAMP was not dangerous, and 
approximately 16 per cent declined to offer a judgement, citing a lack of knowledge. The 
remaining respondents (72 per cent) believed the plant was dangerous. Of the two-thirds 
who thought LAMP was dangerous, 83 per cent perceived it to be more dangerous than 
other chemical factories in the area because it may cause either severe health defects such 
as cancer (51 per cent), or minor health problems such as headaches or irritation to eyes, 
throat and nose (32 per cent).  
Reasons for perceiving LAMP as dangerous were also asked. Thirty-four per cent of the 
respondents believe the operation to be dangerous because it deals with chemicals, and is 
hence associated with the risk of radiation exposure, leaking problems and health effects. 
Some people (24 per cent) associated LAMP with a previous company, Asian Rare Earth 
(ARE), because it also processed the same mineral. Clearly, people were expecting 
similar adverse effects. LAMP is also seen by a few respondents (3 per cent) as dangerous 
due to public disquiet over complaints and protest directed against Lynas. There are also 
respondents (1 per cent) who felt that the Lynas operation was causing them to experience 
symptoms of prolonged fever, itching, asthma and other problems. A farmer claimed that 
his crops (beans, chillies and banana) suffered from disease. He perceived the problems 
were related to LAMP because, before its establishment, his plants did not suffer from 
these problems. As a result, he suffered loss and had to incur some costs to buy extra 
fertilisers. Lastly, the industrial behaviour, which was not transparent and wary of dealing 
with the community, has also created doubt among the respondents and hence they 
believed the plant to be dangerous (4 per cent). According to the chairman of the anti-
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Lynas group, Lynas has kept delaying its meeting with the group. Many issues raised by 
this group could not be explained by Lynas to their satisfaction. Certain areas in LAMP 
site were out of bounds to the public, adding to their doubts about LAMP.  
ii. Specific views of LAMP 
For the specific context, the environmental and health impacts are classified into short- 
and long-term. This distinction is made because the locals might not worry about the 
short-term low-level of adverse effects, but according to some studies (Wei et al., 2013; 
Chen et al., 2004; Zhang et al., 1999b), the long-term cumulative environmental effects 
may be detrimental. The impacts are further classified into four main areas of enquiry: i) 
How do people perceive LAMP’s impacts on the environmental quality? ii) What are the 
perceived impacts of changes in the environmental qualities on local production? iii) 
What are the perceived impacts of changes in the environmental quality on human health? 
and iv) What are the perceived impacts of changes in local production on human health?  
In particular, when LAMP generates air, river and groundwater pollution, people may 
perceive that their local environment is contaminated. This polluted environment may 
affect the quality of local production, such as the safety of food (animals, aquatic flora 
and fauna) sold by the local community. According to Hongyan et al. (2002) and Mayfield 
and Fairbrother (2015), REEs present in water may affect aquatic fauna such as fish. 
Because LAMP directs its wastes containing REEs and radioactive elements into the 
Balok River that flows to the South China Sea (Schmidt, 2013), people may perceive that 
local fish are no longer safe for consumption. Based on the EIA report, Schmidt also 
mentioned that LAMP dumps its toxic wastes in an open channel, without having installed 
pipes, which may affect groundwater and soil quality.  
Moreover, when people perceive that their environment is being polluted, they also 
perceive their environment may affect their health.59 Health studies revealed that air 
pollution due to rare earths dust exposure caused accumulation of REEs in humans’ lungs 
and thus was associated with lung cancer (Chen et al., 2004), pneumoconiosis (Yoon et 
al., 2005; Sabbioni et al., 1982) and interstitial lung fibrosis (Porru et al., 2000). 
Furthermore, when people perceive that their local production is contaminated due to 
changes in environmental quality, they may believe that consuming local goods is 
                                                          
59 According to Rim et al. (2013), each RE has its own health risks and some are unknown. For example, 
exposure to yttrium may result in shortness of breath, coughing, chest pain and cyanosis; lanthanum 
causes pneumoconiosis; cerium causes itching, sensitivity to heat and skin lesions; and neodymium dust 
causes irritation to eyes and skin, lung embolisms and liver damage as accumulation effects. 
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harmful to their health. Studies related to rare earths mining and processing plants in the 
vicinity indicated that long-term consumption of food containing low-dose of REEs has 
a detrimental effect on humans’ health (Li et al., 2013; Jiang et al., 2012; Zhang et al., 
1999a, 1999b). Information about these impacts had been circulated via public talks and 
mass media by the NGOs’ representative and the public figures that eventually may affect 
people’s perceptions.  
A likert scale was used from 1 to 6 (where 1 = absent, 2 = marginal, 3 = moderate, 4 = 
serious, 5 = very serious, 6 = I don’t know) to describe people’s perceptions. ‘Absent’ is 
defined as there being no change to the current environmental condition/quality. 
‘Marginal’ means there are some changes to the current condition/quality, but these 
changes cannot be felt by humans’ senses. ‘Moderate’ refers to environmental changes in 
terms of visual characteristics, for instance, smell, colour and/or physical characteristics, 
but these may not affect living things. ‘Serious’ means there are minor effects to living 
things that are making them unhealthy, for example, humans suffering from headaches, 
sore throats, breathing problems or flu, or a reduction in quantity of flora and fauna 
(fish/fruits). ‘Very serious’ can be defined as having serious health problems, such as 
asthma, cancer, leukaemia and tumours, or causing death to fish and/or trees (including 
fruitless trees).  
If respondents replied the impact of LAMP on all components of environmental quality 
(main/direct impacts) were ‘absent’ or unknown, no follow-up questions were asked. If 
they rated perceived impacts between 2 and 5 in the short- or long-term, respondents were 
then asked about the subsequent (indirect) impacts, such as impacts of changes in 
environmental quality on local production, human health and so on. For simplicity, the 
impacts are classified into three categories: ‘1’ or ‘low’ comprises of ‘absent’, ‘marginal’ 
and ‘moderate’ impacts, ‘2’ or ‘high’ comprises of ‘serious’ and ‘very serious’ effects, 
while ‘3’ is ‘I don’t know’. The results are presented in Table 4.3. 
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Table 4.3 Perception of short and long-term impacts 
Impacts    Short-term (%)     Long-term (%) 
1 2 3 1 2 3 
EQ       
Air 59 33 7 31 60 9 
River 57 36 7 27 64 9 
Soil 57 29 15 36 50 14 
Groundwater 49 33 17 27 55 18 
EQ & LP       
Air-food 55 36 9 34 57 9 
River-river aquatic 51 42 7 25 66 8 
River-beach aquatic 42 31 27 27 46 26 
EQ & HH       
Air-health 32 40 28 19 54 26 
River-health 35 36 29 23 51 27 
Soil-health 33 31 36 23 43 35 
Groundwater-health 31 32 36 23 43 34 
LP & HH       
Food-health 41 32 27 29 45 25 
River aquatic-health 38 33 29 24 48 27 
Beach aquatic-health 41 30 29 30 42 28 
                 Source: Authors’ calculation based on the field survey. 
Note: EQ (environmental quality), LP (local production) and HH (human health). 
Environmental quality (main/direct impact)60 
In the short-term, about half of the respondents saw the impacts of LAMP on air61 (59 per 
cent) and water (57 per cent) quality as low. With regard to air quality, they were not 
concerned at this stage because some of them (3 per cent) mentioned that smoke62 
released by LAMP was similar to that released by other factories. Some others (6 per 
cent) believe that sources of pollution such as dust63 from the bauxite industry and trucks 
passing on the road have a more serious impact. These results show that because LAMP 
                                                          
60 Environmental quality consists of air, river, soil and groundwater. These four components are 
considered to be the main impacts of LAMP’s operation. These components are also seen to be a direct 
impact associated from LAMP. Thus, main and direct impacts are used interchangeably in this 
dissertation. Similarly with the subsequent and indirect impacts.  
61 When the respondents were asked about their opinions with regards to LAMP’s effects on air quality, 
the researcher clearly mentioned that LAMP has filtered its smoke before releasing it into the air. The 
respondents were also informed by the researcher that LAMP’s waste has been treated before channelling 
it into the river. 
62 Smoke is defined as a visible particle in the air, emitted from a burning substance. 
63 Dust is dry dirt in the form of soil, sand or other substances. 
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smoke was seen to be no different from other factories, and other sources of pollution 
were more apparent as compared to LAMP emission, it was considered acceptable. 
However, some residents (2 per cent) who live close to Gebeng, where LAMP is located, 
claimed that they have noticed changes in their surroundings, such as dusty floors and 
oily flowers and leaves. They believed that these problems were caused by nearby 
industries and that LAMP may produce similar results. In the long-term, however, more 
than half of the respondents (60 per cent) anticipate that the perceived air pollution may 
have a high-level of impact.  
With regard to river water pollution, respondents believed that as long as no dead fish 
were floating on water surface, the river must be in good condition, even though some 
physical changes were observed. According to a group of fishermen, sometimes the 
appearance of river water may change after rain, or after the factories’ wastes were 
dumped into the river. The waste caused an unpleasant smell and a cloudy or oily look, 
but after a few days, the river water became normal again. Also, fishermen noticed some 
changes in the river water that could be seen during low tide. Pollutants, especially oil, 
normally left a footprint on the trunk of trees. However, fishermen admitted that they 
could not differentiate waste from factories and perceived that all waste would result in a 
similar outcome, polluting the river water.  
Approximately 50 per cent of the sample who live far from the water source were not 
aware of the original condition of river water. Hence, it was not easy for them to judge 
the after-effects without knowing the baseline of river water. However, when they think 
about LAMP’s treated waste being released into the river, they believed that there may 
be some impacts on the river quality because LAMP could not treat it into completely 
purified or cleaned water. In the long-term, half of the respondents (64 per cent) 
anticipated that LAMP may cause a high environmental impact due to its accumulated 
effects. Tanjung (2013) revealed that the water column in the Balok River has been 
contaminated by some pollutants (Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Cd and Pb), and these 
pollutants are associated with anthropogenic (from industry and domestic waste) 
activities. Abdullah et al. (2015) also supported the claims that water quality in the Balok 
River has deteriorated due to anthropogenic impacts.  
For both soil (57 per cent) and groundwater (49 per cent) issues, the short-term impacts 
were also seen as having low-levels of impacts. However, the number of those who are 
uncertain about the impacts are higher for both soil and groundwater, compared to air and 
river components, ostensibly because these impacts are not apparent outside the 
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agricultural sector. Farmers and gardeners (6 per cent) acknowledged that in Gebeng the 
soil was dry and it was not easy to plant trees and fruits due to its dryness. They believed 
the reason for the infertile or unhealthy soil was the smoke containing chemical 
substances from factories that was absorbed by the soil through rain drops (known as acid 
rain). Since LAMP is a chemical plant, thus it may also affect soil quality.  
Others (6 per cent) perceived that the soil and trees in Gebeng, known as a heavy 
industrial area, were more affected compared to other areas. They claimed that trees in 
Semambu, 19 kms from Gebeng, another industrial area with fewer chemical industries, 
looked greener than those in Gebeng. According to USEPA (2016b), acid rain causes 
slower growth of, injury to or death of forests. Its symptoms can be seen when the leaves 
and needles turn brown and fall off, and in extreme cases, the forest simply dies out 
without any obvious reason. In the long-term, however, half of the respondents (50 per 
cent) anticipated that the level of impact of perceived soil pollution might be high because 
the trees may not only be unhealthy, but also become retarded or not viable for planting 
anymore.  
It is not common for the respondents to use groundwater for consumption, unless they 
involved in agricultural activities. Thus, 17 per cent of respondents rated the issue of 
groundwater pollution as unknown in the short-term. About half of the sample (49 per 
cent) perceive LAMP impact on groundwater to be low impact. However, in the long-
term, people anticipated that the groundwater impact may be high (55 per cent).  
Environmental quality and local production (subsequent/indirect impacts)64 
Approximately half of the survey respondents believed the short-term impacts of LAMP’s 
perceived air pollution and river pollution on local food sold on stalls (55 per cent) and 
on aquatic life (51 per cent) to have a low-impact level. Due to LAMP’s location 
approximately five kilometres from the South China Sea, three per cent of the sample 
believed that wind from the sea would blow smoke somewhere else, or that it might be 
absorbed by nearby trees. Meanwhile, some of them (2 per cent) believed that fish and 
other aquatic fauna in the river could swim away from pollution to safer, cleaner waters.  
Nevertheless, five per cent of the respondents believed the impact of perceived polluted 
river water due to LAMP’s treated waste water may affect aquatic life. These people—a 
group of fishermen, those who enjoyed fishing as a hobby, or those who lived near the 
                                                          
64 A PCA classified air and river pollution contaminating food and river aquatic species as main/direct 
impacts because respondents could see a direct connection between the two. 
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river—claimed that it was difficult to obtain fish nowadays and some types of fish are 
believed to have become extinct. They also claimed that the taste and smell of fish were 
different and no longer as fresh as before, especially the big fish that live longer, and 
hence have more pollutants accumulated in their bodies. The above claims refer to their 
current problems with regards to river quality, hence, they also perceived that LAMP’s 
water discharge may cause a similar result. Also, some of them found black dots on fish’s 
abdomens, implying their unhealthy condition. A low level of dissolved oxygen (DO) as 
a result of high pollution causes death to sensitive fish and affects their egg growth and 
survival rate (Fondriest Environmental (2013a). However, actual data on DO needs to be 
checked to certify this statement (as discussed in the next part). 
Asked about impacts on downstream beach aquatic life, a large number (27 per cent) of 
respondents perceived the impacts to be unknown because they cannot imagine LAMP’s 
treated wastewater impact reaching that far. Some of them also perceived the downstream 
impacts to be low (42 per cent). In the long-term, however, about half the respondents 
believed that air and river pollution from LAMP have a high impact on food (57 per cent) 
and river aquatics (66 per cent), while 46 per cent believed the impact on beach aquatic 
life would be high. No detailed clarification was given for their answers, but their minds 
pictured that a serious impact might occur due to waste being thrown out on a daily basis 
over a long period of time.  
Environmental quality and human health (subsequent/indirect impacts) 
Most respondents answered that they did not know about the short-term perceived 
impacts of LAMP’s air (28 per cent), river (29 per cent), soil (36 per cent) and 
groundwater (36 per cent) pollution on humans’ health because they have no medical 
expertise. Forty per cent of the sample, however, perceived that air pollution may have 
high effect humans’ health. Some people (1 per cent) who live close to Gebeng claimed 
that they suffered from shortness of breath or frequent asthma at night. These statements 
were supported by former factory workers (2 per cent), saying that many factories 
released their smoke at night, so that people or authorities would not discover it. In 
addition, 2 per cent of the sample complained that their staff and friends who worked in 
Gebeng frequently asked for medical certificates due to itch, cough and asthma problems. 
Since they lived and/or worked in the industrial area, they perceived that LAMP may 
cause similar health effects. 
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For the perceived impact of river on health, however, there was no specific example can 
be given by the respondents to justify their statements, because they did not have any 
proof for that. Nevertheless, half of the respondents expected that the effects of air (54 
per cent) and river (51 per cent) pollution on humans’ health may be high in the long-
term due to continuous exposure to the smoke containing chemical substances and its 
accumulated effects. Meanwhile for soil and groundwater pollution, a majority of the 
respondents claimed not to know what the long-term (36 per cent) effects on humans 
would be because they were not easy to evaluate and/or see. Nevertheless, 43 per cent of 
them perceived that the long-term impacts may be high.  
Local production and human health (subsequent/indirect impacts) 
The effects of LAMP’s perceived environmental impact on humans’ health via the 
consumption of local production were believed, at least in the short-term, to be unknown 
(27-29 per cent). However, approximately two-fifths of respondents (42-48 per cent) 
believed that the long-term impacts may be high due to the accumulated effects. A large 
number of respondents also chose to reply ‘I don’t know’ for the long-term impacts (25-
28 per cent). 
The likelihood of the impacts stated above occurring is mostly rated as ‘likely’ and 
‘almost certain’ (48-73 per cent). For example, when people said the impact would be 
serious, for instance, they perceive the impact is likely or almost certain to occur. 
However, when people are not sure about the impacts, the likelihood of the impact 
occurring is also not sure.   
iii. Summary  
There is a marked inconsistency in people’s perceptions of LAMP’s environmental 
impacts. When respondents were asked about LAMP’s general impact, approximately 72 
per cent of them expressed a belief that the plant was dangerous. Nevertheless, the short-
term impacts of LAMP were mostly seen as having low impacts, rated as absent, marginal 
or moderate (49-59 per cent) and unknown for the subsequent effects (27-36 per cent), 
except for food and river aquatic impacts, which also have low-levels of impact. The 
long-term impacts, meanwhile, were consistently perceived to be serious or very serious, 
but the percentage of respondents expressing this belief (42-66 per cent) was still lower 
than the 72 per cent who expressed a general belief that the plant may pose a danger. This 
inconsistency may be due to the influence of information circulation about LAMP 
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detrimental impacts on environment which eventually affect people’s perceptions 
(discussed in a later part). 
 
4.3.2 Experts’ views 
 
As noted earlier, perceptions of residents can be classified into ‘low’, ‘high’ and 
‘unknown’ impacts.  However, it is important to analyse the experts’ views (see Appendix 
C) to understand if there is a mismatch between the two. Four experts were selected for 
interviews: an official from the DOE, another from the AELB, a radiological safety 
advisor from Lynas Corporation and a former specialist from the Öko-Institute who was 
appointed by a local community group to analyse the Environmental Impact Assessment 
(EIA) document prepared by Lynas Corporation. However, the experts’ views were not 
unified as they have different knowledge, expertise and interest, and thus have different 
point of views. The experts were asked about the impacts of LAMP and its likely effects 
on environmental quality, which covers air, river, groundwater and soil. The extent of 
these impacts on local production and humans’ health were also included in the question. 
They had to give justifications about why they view LAMP’s operations as safe or not 
safe in the short- and long-term. In addition, for the authorities and the industry, they were 
asked to state actions or/and rules instituted to mitigate the impacts of LAMP. Also, some 
additional questions on controversial issues were asked specifically of Lynas so that it 
could clarify these unclear issues to the public. 
  
4.4.2.1 Department of Environment (DOE) 
 
An officer of the DOE, who requested anonymity, stated that LAMP has no impacts on 
the quality of air, river water, soil and groundwater in the surrounding area. This, 
according to the officer, is because Lynas Corporation complies with Malaysia’s 
environmental regulations and requirements, and applies technologies such as a waste gas 
treatment system and a chemical and biological treatment system to reduce the effects of 
air emissions and its effluents. The DOE representative went on to note that LAMP also 
monitors air, river water and groundwater in the area to ensure that no issues arise from 
its operation. To mitigate any unintended adverse effects, the officer noted, LAMP always 
complies with the Environmental Quality Act 1974, and standard operating procedures 
have been established and should be followed by the staff. Finally, in case of emergency, 
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an emergency response plan is available to ensure against preventable environmental 
impacts. 
 
4.4.2.2 Atomic Energy Licensing Board (AELB) 
 
Dr. Teng Iyu Lin, an expert with 15 years’ experience in radioactive waste management 
is based in the AELB, a government agency under the Ministry of Science, Technology 
and Innovation, declared that LAMP is safe, and would not negatively impact the 
environment in either the short- or long-term. He gave two reasons for this conclusion: 
first, the naturally occurring radioactive materials with which LAMP deals are within a 
safe background level, and second, a Radiological Impact Assessment showed that 
LAMP’s radiation is within permissible dose limits.65 He also noted that all LAMP 
effluents are checked and are only released into the environment if they are below 
permissible limits, thereby mitigating any negative effects.  
 
4.4.2.3 Lynas Corporation 
 
Dr. Ismail Bahari is a radiological safety advisor for Lynas Corporation. He has 30 years 
of experience in this area. He concluded that LAMP does not have any impact on the local 
environment, local production or humans’ health. This, he claimed, is because LAMP 
complies with national emission standards. Specifically, he found that LAMP will not 
pollute the air because it uses a five-stage waste gas treatment plant that filters out dust, 
sulphur dioxide, sulphur trioxide and toxic gas, ensuring only clean air meeting standards 
set by the DOE is released. Two monitoring systems, a continuous emission monitoring 
system (CEMS) and aerosol monitoring system (AMS), are also installed.66 Dr. Bahari 
also noted that LAMP has no impact on river water because no wastewater that has come 
into contact with radioactive material is released. All such water is fully recycled, and the 
wastewater that does not come in contact with radioactive material is treated in a waste 
water treatment plant. Only water that complies with the DOE standard is discharged, and 
Lynas and the DOE monitor this water’s quality. Further, all processing areas are built on 
a bunded secondary containment concrete structure, thereby protecting soil quality. Any 
                                                          
65 The national and international annual dose limit for the public is 1mSv/year. LAMP’s radiation 
exposure to the public is about 0.002mSv/year, although for some workers at LAMP their exposure is 
about 2mSv/year. 
66 The CEMS was installed to monitor the quality of air released at the stack, and the AMS was installed 
on site and at IPD Kuantan to monitor radiation levels in the air. 
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acid spills will be contained in the bund, and residue is stored in an engineered residue 
storage facility (RSF) to prevent contamination of underground soil. This residue is also 
kept wet to prevent airborne dust from contaminating surface soil.  
In addition to the above questions, a few issues raised by certain parties, particularly the 
environmental movement, was asked of Lynas. The first issue regarding the inability of 
the company to use the current best available technology (BAT) with respect to air 
emissions, water discharged and temporary waste disposal arrangements. Nevertheless, 
according to Dr. Ismail, BAT is designed to meet the standard set by the authority and 
Lynas has followed the standard given and also took adequate measures (as discussed 
above) to prevent contamination of the environment. In particular, one of the issues raised 
related to BAT is that Lynas’ RSF is claimed not to be leak-proof, and may result in 
radioactive and toxic leakage into the groundwater. Based on the printed materials 
provided by the Lynas advisor, RSF was constructed above the ground impoundment and 
involved no excavation. It was designed to cater for adequate capacity in the residue cells 
to contain a 1-in-100-year, 72-hour storm event. It can prevent leaching and 
contamination of the water system for the following reasons: i) as thorium is not soluble 
in water, it can be precipitated and separated out, high-density polyethylene (HDPE) liner 
used will prevent leaching, ii) a clay layer below the HDPE has very low permeability to 
water and that will further prevent any possible leaching, iii) thorium has strong affinity 
for clay, thereby further reducing leaching and iv) under liner leak detection system 
monitors were installed and will detect any possible leakage.  
The second issue raised by the environmental group is that Lynas does not have a 
permanent waste disposal facility (PDF) as it is stated that all of the wastes generated can 
be recycled to produce other products, and these products are perceived to be unsafe for 
consumption. Plaster board, cement and fertiliser that contain radioactive material may 
not only be rejected by consumers, but may also subject people to radiation (Phua and 
Velu, 2012). According to Dr. Ismail, the authority required Lynas to identify the PDF, 
but Lynas has to find ways to reuse the waste if possible. Lynas has already submitted the 
plan for PDF, but the wastes can be used to produce three synthetic mineral products. 
First, flue gas desulphurisation contains high-purity synthetic gypsum that can be used in 
building materials such as gypsum plasterboard, decorative plaster and cement additives. 
Second, neutralisation under-flow contains magnesium-rich synthetic gypsum. It can be 
applied in construction material as cement and aggregate, and can be used in the 
agricultural sector as a source of nutrients and for soil improvement. Third, water leach 
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purification that is rich in iron phospho-gypsum can produce synthetic aggregate that is 
widely used as an alternative replacement for natural aggregate in concrete formulation 
and road base application. Are these products safe for consumption? And do the 
customers want to use them? According to the Lynas advisor, research will be carried out 
and it is the duty of the authorities to check and decide on the matter. The locals should 
give Lynas a chance to proving it and let the authority monitor and control it.  
The last issue raised was regarding the probability of accidents, such as cracking, leaching 
or explosion, and their impacts on health of nearby residents, for example, suffering from 
cancer, leukaemia or tumours as experienced by people in the case of ARE. Dr. Ismail 
stated that if an explosion occurs, it will be contained within the site. However, LAMP’s 
operation will not cause devastation because it operates at ambient temperature and the 
highest temperature is in its rotary kiln, at 800° C. If anything happened to the rotary kiln, 
it would only explode in that area. In addition, in building the plant, there were 
contingency steps and emergency responses and training provided to the workers. Lynas 
also has calculated quantitative risk assessment to determine the area with the chances of 
fatalities and found that, based on the worst-case scenario, one-in-a-million chance of 
fatality would lie within the plant. However, the Lynas advisor did not deny that there are 
some emissions that have occurred and caused nuisance to the workers. However, 
emergency steps have been taken, and the problems were solved quickly. The workers 
are well-trained and the plant was designed in such a way so as to prevent a catastrophic 
event. 
  
4.4.2.4 External expert 
 
A former senior researcher in the Öko-Institute, Gerhard Schmidt, is a specialist with 26 
years’ experience in chemical technology, radioactive waste management and final 
storage, environmental and radiological impact assessment and remediation of 
radioactive sites. According to Schmidt, Lynas Corporation has not applied the current 
best available technology (BAT) to reduce LAMP’s environmental impacts. With regard 
to air pollution, the treatment systems for reducing emissions of acidic gases and dust are 
below BAT standards, and thus may cause sulphuric acid emissions. In addition, Schmidt 
noted that elsewhere in LAMP, separated rare earth oxalate is roasted in a furnace oven 
and the waste gas is discharged directly into the air, contributing to air pollution. Further, 
sulphuric acid aerosols and dust released during the cracking stage are not healthy for 
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human inhalation, but humans’ impacts could not be scientifically measured without a 
detailed study. 
Schmidt also noted that in the preliminary EIA and other documents, Lynas did not 
provide information about the by-products of its ore concentrate and the specific 
constituents of its wastewater, meaning calculations cannot be made about the 
environmental consequences. Nevertheless, LAMP’s liquid emission reduction is below 
BAT standards, indicating that the already-high chemical oxygen demand (COD) 
concentration in the Balok River would increase further, affecting river water quality. 
Lynas, Schmidt found, did not even identify the reasons for the high COD of 2,000 
milligrams per litre in LAMP’s waste water. If the reason for this is the presence of 
sulphite, no microbes would be able to survive until the sulphite is finally oxidised, which 
would consume a large amount of dissolved oxygen (DO) in the river. Schmidt concluded 
that water with a high COD and salinity (which also was not mentioned in the Preliminary 
EIA), containing toxic elements being discharged into an open-channel accessible to 
humans and animals is unacceptable.  
Schmidt also noted that without the use of a pipeline, toxic waste elements might leach 
into groundwater. The design of the RSF is not state-of-the-art, and should use 2.5mm 
HDPE and at least two 25cm layers of clay, instead of 1mm HDPE and only a single 
30cm layer of clay. This inappropriate layout, Schmidt claimed, will result in leakage 
even under normal operating conditions and will affect soil composition and groundwater. 
Schmidt, therefore, concluded that the negative impacts on environmental quality as a 
result of LAMP’s activity may have negative repercussions on the river aquatic species, 
but unknown effects on other subsequent impacts. Extensive monitoring has to be 
undertaken to evaluate the results.  
i. Summary  
Based on these four views, the results showed that the experts had different interpretations 
of the same issues. The authorities and the company shared the same views, support that 
LAMP’s operation will not cause detrimental effects to the environment, humans and 
other living things. The external expert, on the other hand, believed the opposite, 
indicating some concern over the possible environmental impacts. Despite the local 
community’s inconsistency in perceiving the general and specific impacts of LAMP, their 
perceptions overlapped with the views of these experts. In the short-term, some of the 
respondents (10 to13 per cent) perceived that LAMP may have no effect on environmental 
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quality. This is in line with the company’s and the authorities’ views that stated that the 
impacts are absent, and the likelihood of the absent impacts occurring are likely and 
almost certain. About 72 to 83 per cent of the respondents, nevertheless, believed that 
there were some impacts on environmental quality, ranging from marginal to very serious. 
Their perceptions were in line with Schmidt, who believed that without applying the best 
available technology technique, LAMP may produce some negative impacts on the 
surroundings.  
With the exception of perceived air pollution on food and perceived river pollution on 
river aquatic species (rated as marginal to very serious–80 to 83 per cent), the subsequent 
impacts were mostly (27 to 36 per cent) rated by the locals as having unknown impacts 
in the short-term. These perceived impacts were parallel with Schmidt’s views. However, 
Schmidt also viewed the impact as unknown for perceived effect of air pollution on food. 
This view is contradictory to that of the company and the authorities as they believed 
there are no subsequent effects because the environment is not being polluted. 
However, in the long-term, about 69 to 79 per cent of people expected that there may be 
some impacts, ranging from moderate to very serious, due to their accumulated effects. 
This view was contradicted by the company and the authorities, who maintain that there 
is no long-term impact arising from LAMP. For the subsequent long-term impacts, except 
for the food (76 per cent) and river aquatic species (79 per cent)—as some locals noted 
moderate to very serious impacts—more than one-fifth of the sample (25 to 35 per cent) 
rated the subsequent impacts as unknown. This view was supported by Schmidt with the 
exception of food impact. Nevertheless, more than half of them (53 to 62 per cent) 
perceived that the long-term impacts may be high and Schmidt advised that a detailed 
monitoring activity should be conducted to determine the impacts. 
 
4.3.3 Data on air, river water and ground level concentration 
 
Scientific data collected reveals the performance of the company in fulfilling the 
requirement set by the authority. The data can also display pollution trends, indicating the 
current quality of the environment. 
 
4.3.3.1 Data on air quality 
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To measure air quality in Malaysia, the DOE use the Air Pollution Index (API) (Asian 
Development Bank, 2006). The API includes all major pollutants, namely ozone (O3), 
carbon monoxide (CO), nitrogen dioxide (NO2), sulphur dioxide (SO2) and suspended 
particulate matter of less than 10 microns in size (PM10). Human health can be affected if 
these pollutants reach unsafe levels (DOE, 1997). CO is poisonous, colourless, odourless 
and tasteless (USEPA, 2016c). Prolonged exposure to CO can cause people to lose 
consciousness and suffocate because it displaces oxygen in the blood and deprives the 
heart, brain and other vital organs of oxygen (U.S. Department of Labour Occupational 
Safety and Health Administration, 2002).  
NO2 is a reactive gas that can irritate the lungs and weaken resistance to respiratory 
infections (Niedell, 2004). According to the Ecological Society of America (2000), its 
presence in the air may lead to environmental problems such as acid rain and 
eutrophication67 in coastal waters. Exposure to SO2 may affect breathing, causing 
respiratory problems, alterations in pulmonary defences and aggravation of existing 
cardiovascular diseases (New Hampshire Department of Environmental Service, 2012). 
Concerns around PM10 exposure include breathing and respiratory problems, premature 
death, lung tissue damage and cancer (Nargesh, 2015). The DOE did not require Lynas 
to report on ozone because ozone readings were affected by many factors such as smoke 
produced by other factories. It is for this reason that the data have been disaggregated 
only for CO, NO2, SO2 and PM10. 
LAMP commenced operations in 2012. However, data became available starting from 
2011. Monitoring data were collected at four open spaces: A1, A2, A3 and A4.68 Table 4 
presents the amounts of each pollutant detected in five separate years, alongside the 
averaging time used in collecting the data, limits set by the DOE (1978)69 and the WHO’s 
(2005) recommended guidelines. Data were collected from the DOE, although the 
monitoring activities were performed and the data were provided by the Lynas 
consultant.70 Data were available in monthly instalments and have some missing values. 
Daily basis data were also made available to the DOE by Lynas, but they were considered 
                                                          
67 Reduction of oxygen in water due to increase in nutrients that can destroy fish and marine life. 
68 A1 is located at the south east corner of LAMP’s site, A2 in the north east portion of the site, A3 at the 
south west corner of the site, and A4 in the west quadrant of the site. 
69 This is an old guideline. Nevertheless, currently the DOE and all companies still use it. A new 
guideline from 2014 has been designed by the authority, but it is not well-established and in the reviewing 
process. Companies have been given a five-year time by the authority to comply with the new and more 
stringent rule.    
70 The DOE used a self-guided regulation where the companies will do the monitoring activities by their 
own. 
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confidential and could not be accessed by anyone; thus, the numbers provided in Table 
4.4 are generated through interpolation. 
Table 4.4 Air quality components 
Parameter  
Averaging 
Time 
Year A1 A2 A3 A4 
DOE 
(1978) 
µg/ m3 
WHO 
(2005) 
µg/ 
m3 
CO 8 hours 2011 <100 <100 <100 <100 10,000 - 
   2012 <100 <100 <100 <100 10,000 - 
   2013 <100 <100 <100 <100 10,000 - 
   2014 <100 <100 <100 <100 10,000 - 
   2015 7,540 8,440 9,030 9,690 10,000 - 
NO2 1 hour 2011 17.6 10.6 20.3 6 320 200 
   2012 3.89 1.8 4.26 4.63 320 200 
   2013 <5 <5 <5 <5 320 200 
   2014 <5 <5 <5 <5 320 200 
   2015 7.53 8.44 9.03 9.69 320 200 
SO2 24 hours 2011 <5 <5 <5 <5 105 20 
   2012 <5 <5 <5 <5 105 20 
   2013 <5 <5 <5 <5 105 20 
   2014 <5 <5 <5 <5 105 20 
   2015 4.97 5.46 4.02 5.56 105 20 
PM10 24 hours 2011 34.8 45.4 62.8 52.7 150 50 
   2012 32.1 26.64 45.64 36.11 150 50 
   2013 43.4 45.2 52.9 47.5 150 50 
   2014 43.2 39.17 36.38 49.7 150 50 
   2015 39.02 38.49 55.13 40.61 150 50 
  Source: Adapted from the DOE (2016) and author’s own calculations. 
The result shows that LAMP pollution levels were below the requirements set by the 
DOE. Nevertheless, based on the WHO standards, LAMP has exceeded advisable limits 
of PM10 three times in five years, especially at site A3. CO and SO2 emissions, however, 
were quite static across all years, and were well below the set limits. Meanwhile, NO2 
emissions could be seen to have fluctuated over the five years, but always below the DOE 
and WHO limits. This may be because LAMP uses a five-stage WGTP to filter its 
emissions, which shows that installing advanced technological equipment could reduce 
the quantum of pollution produced by the plant.  
However, there are two concerns raised based on the results presented. First, the standards 
used by the DOE were established in 1978. In other words, they are old standards that 
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needed to be revised to protect humans’ well-being. According to the WHO (2005) 
standard of PM10, the elderly, children and those who have respiratory problems such as 
asthma, emphysema and bronchitis are likely to be affected (USEPA, 2016c). Second, the 
CO emission was below the limit set in 2011 to 2014. Nevertheless, in 2015, the emission 
was close to the old standard set by the authority. Some respondents (1 per cent) did 
complain that they were suffering from shortness of breath and asthma, and 
acknowledged that their friends and officemates also faced similar problems. If these 
people are sensitive to PM10, a reduction in this pollutant must be made. However, 
whether these people became sick because of LAMP is unclear, as many factors 
contribute to health problems. Nevertheless, if LAMP keeps exceeding safe PM10 
emission limits recommended by the WHO, it may create health problems for the locals, 
particularly its workers.  
 
4.4.3.2 Data on river water quality 
 
In order to categorise classes of water and their uses, the National Water Quality 
Standards for Malaysia (NWSM) is referred and shown in Table 4.5.  
Table 4.5 DOE Water Quality Index classification 
Parameter Class 
I II III IV V 
AN <0.1 0.1 – 0.3 0.3 – 0.9 0.9 – 2.7 > 2.7 
BOD <1 1 – 3 3 – 6 6 – 12 > 12 
COD <10 10 – 25 25 – 50 50 – 100 > 100 
DO >7 5 – 7 3 – 5 1 – 3 < 1 
pH >7.0 6.0 – 7.0 5.0 – 6.0 < 5.0 > 5.0 
TSS <2.5 25 – 50 50 – 150 150 – 300 > 300 
WQI >92.7 76.5 – 92.7 51.9 – 76.5 51 – 76.5 < 31.0 
  Source: Zainudin (2010). 
Classes I to III indicate water qualities that can sustain macro-aquatic life with varying 
degrees of sensitivity (Zainudin, 2010), from very sensitive aquatic species to tolerant 
species. Class IV can be used for irrigation and Class V has minimal usage. The Water 
Quality Index (WQI) is used to simplify the extensive data found in the NWQS. It 
measures water quality using a combination of physical measures (temperature, turbidity, 
total dissolved solids, total suspended solids, etc.), chemical measures (pH level, DO, 
BOD, COD, etc.), biological readings (groups of microorganisms) and radioactive 
parameters (Department of Irrigation and Drainage, 2009).  
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The DOE uses six parameters—dissolved oxygen, biological oxygen demand, chemical 
oxygen demand, suspended solids, pH and ammoniacal nitrogen—to calculate the WQI. 
Dissolved oxygen (DO) is free oxygen (O2) in the water (Fondriest Environmental, 
2013a) that is important for respiration of aquatic’ life. A high level of DO indicates better 
water quality (Center for Innovation in Engineering and Science Education, 2017). The 
USEPA (2006) set the DO minimum level at 5.0 mg/l and a drop below this level will put 
aquatic life under stress. Biochemical oxygen demand (BOD) is the amount of oxygen 
consumed by bacteria and microorganisms in water (USEPA, 2012b). Discharge of 
effluents with high BOD will accelerate bacterial growth that consumes DO, which can 
be lethal for fish and aquatic insects (Brown and Caldwell, 2001). 
The function of BOD is similar to chemical oxygen demand (COD), as both measure 
organic compounds in water. However, COD coverage is wider as it predicts oxygen 
requirements during the decomposition of organic matter and the oxidation of inorganic 
chemicals (Amneera et al., 2013). Theoretically, if COD and/or BOD concentrations are 
high, water is considered polluted. Power of hydrogen (pH), on a scale of 0 to 14, reflects 
how acidic or basic a body of water is, with lower numbers being more acidic and higher 
numbers more basic (Fondriest Environmental, 2013b). The optimum pH levels for fish 
are between 6.5 and 9, while levels between 0 and 3 and between 11 and 14 are fatal to 
organisms. Suspended solids (SS) are made up of organic and/or inorganic materials. 
Higher degrees of SS reduce water clarity and pollute water, and increase water 
temperatures because they absorb heat, hence reducing DO (Fondriest Environmental, 
2013c).  
Finally, ammoniacal nitrogen (AN) indicates nutrient status, organic enrichment and the 
health of a water body (Rožić et al., 2000). A higher value indicates water pollution, and 
the threshold level should be less than 5mg of AN per litre (Amneera et al., 2013). High 
concentrations of AN cause algae problems, which increases the demand for oxygen 
(USEPA, 2016b). In order to determine the WQI, the formula applied is as follows, where 
SIX = sub-index of X (Table 4.6): 
WQI = 0.22 SIDO + 0.19 SIBOD + 0.16 SICOD + 0.16 SISS + 0.15 SIAN + 0.12 SIpH               (1) 
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Table 4.6 Calculation of Water Quality Index (WQI) 
Sub-index for DO (in saturation)   
SIDO = 0 for DO < 8 (2a) 
=100 for DO > 92 (2b) 
= -0.395+0.030DO²-0.0002DO³ for 8 < DO < 92 (2c) 
 
Sub-index for BOD 
  
SIBOD =100.4-4.23BOD for BOD < 5 (3a) 
=108e-0.055BOD for BOD > 5 (3b) 
 
Sub-index for COD 
  
SICOD =-1.33COD+99.1 for COD < 20 (4a) 
=103e-0.0157COD-0.04COD for COD > 20 (4b) 
 
Sub-index for AN 
  
SIAN =100.5-105AN for AN < 0.3 (5a) 
=94e-0.573AN-5 | AN-2| for 0.3 <AN < 4 (5b) 
=0 for AN > 4 (5c) 
 
Sub-index for SS 
  
SISS =97.5e-0.00676SS+0.05SS for SS < 100 (6a) 
=71e-0.0016SS-0.015SS for 100 < SS < 1,000 (6b) 
=0 for SS > 1,000 (6c) 
 
Sub-index for pH 
  
SIpH =17.2-17.2pH+5.02pH² for pH < 5.5 (7a) 
=-242+95.5pH-6.67pH² for 5.5 < pH < 7  (7b) 
=-181+82.4pH-6.05pH² for 7 <pH <8.75 (7c) 
=536-77.0pH+2.76pH² for pH > 8.75 (7d) 
                 Source: Zainudin (2010). 
For this chapter, water sampling data collected by Lynas Corporation in the Balok river 
are drawn, paying particular attention to two of the eleven locations in which they were 
sampled: W10 (100m downstream from LAMP final discharge point) and W11 (750m 
upstream from LAMP final discharge point).  
Based on graphing of COD, generated from interpolation technique, shown in Graph 4.1, 
in general, readings at W10 are much higher than those at W11 during the high tide (HT) 
and low tide (LT). From mid-2011 until the end of 2015, COD at W10 was Class III or 
IV, even reaching Class V at one time. COD at W11, meanwhile, was mostly Class III.  
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Graph 4.1 Chemical Oxygen Demand for W10 and W11 
 
Source: Author’s own calculations. 
For BOD concentration too, shown in Graph 4.2, scores at W10 were much higher than 
at W11, even though most of the time both W10 and W11 were Class II. The high amount 
of COD and low amount of BOD indicate that oxidation of inorganic chemicals in the 
water was high relative to organic compounds.  
Graph 4.2 Biochemical Oxygen Demand for W10 and W11 
 
Source: Author’s own calculations. 
For AN, shown in Graph 4.3, the data were volatile for both, but the nutrient level at W11 
was much higher than at W10 that might encourage the development of algae. W10’s AN 
was mostly under Class III and sometimes in Class IV, whereas W11 was mostly under 
Class III but did reach as high as Class V at times. 
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Graph 4.3 Ammoniacal Nitrogen for W10 and W11 
 
Source: Author’s own calculations. 
For SS, in Graph 4.4, W10 had exceptionally high values in June 2012, which put it into 
Class V. However, most of the time, SS at W10 was Class II. SS at W11 was also 
classified under Class II, but was sometimes in Class IV.  
Graph 4.4 Suspended Solids for W10 and W11 
 
Source: Author’s own calculations. 
The values of COD, AN and SS being high, pollutants were likely reducing the amount 
of DO in the water. For the past five years at both sites, the value of DO was mostly below 
five, as can be seen in Graph 4.5, which places it below Class III. This means that sensitive 
aquatic life will be affected as it is below the minimum limit set by the USEPA, 5.0 mg/l. 
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Graph 4.5 Dissolved Oxygen for W10 and W11 
 
Source: Author’s own calculations. 
As shown by Graph 4.6, pH values, meanwhile, have fluctuated at both sites, sometimes 
falling into Class II and sometimes into Class III. 
Graph 4.6 pH for W10 and W11 
 
Source: Author’s own calculations. 
Based on the WQI, the overall river water quality across the five years at both sites can 
be categorised as either slightly polluted or polluted based on the DOE classification 
shown in Table 4.7.  
Table 4.7 DOE Water Quality classification based on WQI 
Parameters  Index range 
Clean  Slightly polluted Polluted 
SIBOD 91-100 80-90 0-79 
SIAN 92-100 71-91 0-70 
SISS 76-100 70-75 0-69 
WQI 81-100 60-80 0-59 
Source: Zainudin (2010) 
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The readings at W10 were more polluted compared to those at W11, as shown in Table 
4.8, likely due to its proximity to LAMP (100m, compared to 750m for W11). However, 
this finding should be explained carefully, as pollution in both locations was technically 
‘non-point source pollution’, meaning many other factories contribute to the deterioration 
of the water quality as well. Even though there is no specific data that can show a causal 
impact of LAMP’s waste on polluting the river water, the results show that neither 
location was natural enough to sustain very sensitive aquatic species, meaning their 
population numbers will suffer. Both locations require treatment to restore the condition 
of the water or aquatic flora and fauna will die out.  
Table 4.8 Indication of Water Quality Index 
Year  W10 WQI Indication W11 WQI 
Indication High 
Tide 
Low 
Tide 
High 
Tide 
Low 
Tide 
2011 43.97 46.58 Polluted 60.61 60.03 Slightly polluted 
2012 38.15 40.13 Polluted 48.11 51.14 Polluted 
2013 62.28 62.84 Slightly polluted 63.46 63.95 Slightly polluted 
2014 59.47 60.39 Slightly polluted-
polluted 
57.7 57.60 Polluted 
2015 52.30 55.57 Polluted 89.24 66.16 Slightly 
polluted-clean 
  Source: Author’s own calculations. 
The above data support certain claims made by the local residents and fishermen that 
some fish were no longer found in the river, and that it had become difficult to obtain fish 
in the river. The fish that they were talking about were sensitive species that were unable 
to survive in the polluted water as they need high DO for respiration. The growth rate of 
the fish also could be affected because polluted water delays the hatching and affects the 
survival of fish’ eggs. The high amount of COD, AN and SS have not only made the river 
water become unclear, but they also contribute to a reduction in DO, which subsequently 
affects aquatic life. 
 
4.3.3.3 Data on ground level concentration 
 
The Gaussian dispersion model was used to predict the maximum ground level 
concentration (GLC). The model makes several assumptions: 1) plume spread in 
horizontal and vertical directions occurs primarily by diffusion along the direction of the 
mean wind, 2) source of pollution emission rate is in a steady-state, 3) wind speed, wind 
direction and atmospheric stability class are constant, 4) there is a mass transfer of 
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pollutant, primarily due to bulk air motion in the x-direction, 5) no pollutant chemical 
transformation occurs and 6) wind speeds are ≥1m/sec, and limited to predicting 
concentration >50m downwind. The Gaussian dispersion model can be understood by 
using Figure 4.1 and its equation. 
    Figure 4.1 Gaussian dispersion model 
 
 
 
 
 
 
 
 
             Source: Pilat (2009). 
𝐶(𝑥, 𝑦, 𝑧) =
Q
2πu𝜎𝑦𝜎𝑧?̅?
𝑒𝑥𝑝 [−
1
2
(
𝑦2
𝜎𝑦2
+
(𝑧 − 𝐻)2
𝜎𝑧2
)] 
where: 
Q = pollution emission rate (gram/sec) 
H = stack height + plume rise (meters) 
U = wind speed (m/sec) 
𝜎𝑦 = horizontal crosswind dispersion coefficient (meters) 
𝜎𝑧 = vertical dispersion coefficient (meters)  
𝜎𝑦 and  𝜎𝑧 depend on the atmospheric stability and atmospheric stability is defined in 
terms surface wind speed, incoming solar radiation and cloud cover.  In a simplified 
equation, GLC can be estimated as follows: 
𝐺𝑟𝑜𝑢𝑛𝑑 𝑙𝑒𝑣𝑒𝑙 𝑐𝑒𝑛𝑡𝑒𝑟 𝑙𝑖𝑛𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑦 = 0) − 𝑝𝑙𝑢𝑚𝑒 ℎ𝑒𝑖𝑔ℎℎ 𝐻, 
𝐶(𝑥, 0,0; 𝐻) =
Q
πu𝜎𝑦𝜎𝑧
∙ [𝑒𝑥𝑝 (−
𝐻2
2𝜎𝑧2
)] 
A linear log-log plot of sigma Y versus X is given in Graph 4.7. Here, X is distance from 
the plume in terms of meters. The coefficient for C stability is used during the day, which 
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indicates a clear day with sun 35-60o above the horizon. Meanwhile the coefficient for D 
stability is used for the night, which indicates a clear day with the sun at 15-35o. The value 
for sigma z is taken from the horizontal dispersion coefficient in Graph 4.7.  
Graph 4.7 Horizontal and vertical dispersion coefficients 
 
        Source: Pilat (2009). 
When the input data were plugged into the equation, the estimated output of plume 
centreline concentrations generated (shown in Table 4.9). However, Table 4.9 presents 
the results during the day (C stability) because people are exposed to the concentration 
during the day. At night, the concentration level is higher (more or less than double) than 
the day because of the low turbulence.  
Specifically, the average wind speed (u) is about 3 m/s, pollution emission rate (Q) is 
approximately 17,066,000 ug/s [stack volume flow (14 m3/s) x emission (1,219,000 
ug/m3)]. H is 65 m. The result reveals that the ground level concentration at 1000m 
(represents in X column) is only about 1/100, 000th of the amount emitted (see C/Q 
column), showing the impact of LAMP pollution on soil quality is very small. This 
amount becomes smaller as the distance from LAMP increases, and respondents live up 
to 40,000m from the plume. The predicted concentration values are up to 40,000m, but 
because the values are very small (.54–1.62), they are not shown in this table. To get the 
averaging factors, column C/Q multiply with 1 (for 1 hour, .7 for 8 hours, .4 for 24 hours, 
.0 for 1 month and .08 for 1 year), the stack volume flow m3/s and emission ug/m3. All 
values for the averaging time factors are given, but in the data analysis monthly values 
are used.   
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Table 4.9 Predicted ground level concentrations 
    
Predicted plume centreline concentrations  
(Averaging time factors) 
σy X (m) σz C/Q  1h 8h 24h 1 month 1 year 
103 1000 70 9.6E-06 164.01 114.81 65.60 49.20 13.12 
187 2000 110 4.3E-06 74.08 51.85 29.63 22.22 5.93 
265 3000 150 2.4E-06 41.47 29.03 16.59 12.44 3.32 
340 4000 200 1.5E-06 25.27 17.69 10.11 7.58 2.02 
412 5000 240 1.0E-06 17.65 12.35 7.06 5.29 1.41 
483 6000 280 7.6E-07 13.05 9.13 5.22 3.91 1.04 
552 7000 320 5.9E-07 10.05 7.04 4.02 3.02 0.80 
619 8000 350 4.8E-07 8.22 5.75 3.29 2.47 0.66 
686 9000 375 4.1E-07 6.94 4.86 2.78 2.08 0.56 
751 10000 420 3.3E-07 5.68 3.97 2.27 1.70 0.45 
815 11000 440 2.9E-07 4.99 3.50 2.00 1.50 0.40 
879 12000 460 2.6E-07 4.44 3.10 1.77 1.33 0.35 
942 13000 480 2.3E-07 3.97 2.78 1.59 1.19 0.32 
1005 14000 500 2.1E-07 3.58 2.50 1.43 1.07 0.29 
1066 15000 550 1.8E-07 3.07 2.15 1.23 0.92 0.25 
1128 16000 600 1.6E-07 2.66 1.86 1.06 0.80 0.21 
1188 17000 620 1.4E-07 2.45 1.71 0.98 0.73 0.20 
1248 18000 640 1.3E-07 2.26 1.58 0.90 0.68 0.18 
1308 19000 680 1.2E-07 2.03 1.42 0.81 0.61 0.16 
1368 20000 700 1.1E-07 1.88 1.32 0.75 0.57 0.15 
  Source: Author’s own calculations. 
4.3.4 The role of source of information on perception  
 
Different sources of information will result in different perceptions, depending on the 
information provided, the party providing it and the party receiving it. In this study, varied 
perceptions of air and environmental quality among the surveyed respondents are 
explored, as they correspond with sources of information, education, income, gender, age, 
health status, race, distance and trust of the company’s waste management processes. This 
survey is performed in recognition of the fact that correlative relationships have been 
found between these factors and people’s perceptions of the environment. Brody, Peck 
and Highfield (2004), for example, revealed that when information regarding 
environmental pollution was received via television, people were more likely to perceive 
their environment to be clean, but when information was received via friends, people were 
more likely to perceive their environment as polluted.  
Some studies (Afroz et al., 2016; Liao et al., 2015) found that people with better education 
were more sensitive to environmental degradation because according to Dogaru et al. 
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(2009), they have a better understanding of environmental problems, and thus are more 
concerned, perceiving environmental impacts as serious. Shi & He (2012) found the 
opposite, noting that educated people tend to be the ones benefiting from polluting 
industries, meaning they are less concerned about the impacts, and Obiri et al. (2016) 
found that less-educated people are likelier to care for the environment because they 
received none of the benefits of such industries. Lahiri-Dutt (2015) argued that income 
has an impact on perception. Several studies found income to be statistically insignificant 
in this regard (Liao et al., 2015; Dogaru et al., 2009; Brody, Peck & Highfield, 2004; 
Elliott et al., 1999), but some found it to have both positive (Afroz et al., 2016) and 
negative impacts on perception (Obiri et al., 2016; Liao et al., 2015). Afroz et al. (2016) 
found that males are likelier to see water pollution as a danger, but Melo et al. (2015) 
found the same relationship between females and environmental pollution.  
Age has an effect on perceived impacts of pollution (Afroz et al., 2016; Melo et al., 2015; 
Brody, Peck & Highfield, 2004; Um et al., 2002), arguably because as persons get older 
and their physical health declines, they become more sensitive to pollution (Shi & He, 
2012). Elliott et al. (1999) found that having asthmatic persons in a household 
significantly affected people’s perceptions. Some studies (Brody, Peck & Highfield, 
2004; Um et al., 2002) found that race also plays a role in influencing public perceptions. 
Trust in a company (or lack thereof) may affect the way people contextualise that 
company’s actions or act to ensure their own safety. Smith and Desvousges (1986) found 
that when people have low confidence in water quality, they were more likely to purchase 
bottled water. Pollution emission from industries is expected to have an impact on 
people’s perceptions. Downey and Van Willigen (2005) found that proximity to a 
polluting site has an impact on humans, and thus ‘distance’ variable is also considered in 
the equation. Lastly, those who have some knowledge of the significance of REEs and its 
possible risk may perceive that differently compared to those who have not.  
Before analysing the relationship among dependents and independents variables, a Chi-
square-goodness of fit test was performed to determine if there is a difference in 
proportion of gender in the population71 (consists of 50.8 per cent male and 49.2 per cent 
female) and the current sample (comprises of 54.8 per cent male and 45 per cent female). 
The result showed that there is a significant difference between the population mean and 
                                                          
71 Population here refers to total number of voters. However, the difference of gender in terms of the real 
total population given by Department of Statistic (2015) with the total voters is not much different - 51.5 
per cent male and 48.5 per cent female. 
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sample mean,2(1, N = 571) = 7.206, p = .007. The sample is not representative of the 
population is because this dissertation used two methods of sampling: random (Malays) 
and non-random (non-Malays). The non-random method was used due to the difficulty 
of finding the non-Malays respondents.  
Although this problem is a limitation of this dissertation, there is no statistical different 
between random and non-random sampling in terms of people’s perceptions with regards 
to LAMP. An independent sample t-test was conducted on 245 non-Malay respondents 
to determine if there are differences in their perceptions of LAMP’s impacts based on 
sampling methods: random and non-random. The results showed that the perceived 
impacts of respondents when using a random sampling method has no statistically 
significant differences (M=1.06, SD=.02) compared to respondents when using a non-
random sampling method (M=1.12, SD=.12), t (7.4) = -.52, p=.62. In addition to that, a 
dummy is created and included in the model to recheck whether there is a different 
response between a random and non-random sampling. 
Tables 4.10 and 4.11 present correlation of the variables of interest to indicate the strength 
of their relationships. The dependent variables are ‘perceptAS’ (perceived air pollution in 
the short term), ‘perceptAL’ (perceived air pollution in the long term), ‘percept1’ 
(perceived direct environmental quality) and ‘percept2’ (perceived indirect 
environmental quality). The other variables are explained in detail in the next table except 
for SO2, ‘RE’ and ‘distance’. SO2 is sulphur dioxide in µg/ m3. ‘RE’ is whether a person 
has some knowledge on rare earth elements or otherwise, while ‘distance’ is the distance 
from residential house to LAMP’s site measured in kilometres. Table 4.10 shows the 
strength of relationships between dependent and independent variables, ranging from .0 
for ‘distance’ to .34 for ‘trust’.   
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Table 4.10 Correlation between dependent and independent variables 
Variables PerceptAS PerceptAL Percept1 Percept2 
Info .15 .1 .09 .06 
Secondary -.09 .02 -.13 -.03 
Tertiary .13 .03 .13 .04 
Lower middle .05 .03 .02 .04 
Upper middle .07 -.0 .09 .01 
High -.09 .06 -.0 .04 
Gender -.11 -.02 -.01 .06 
Age -.01 .02 -.04 .04 
Fair .07 -.06 .04 .02 
Good -.07 .02 -.04 -.01 
Race .23 .16 .23 .21 
Trust -.25 -.31 -.21 -.34 
CO -.03 -.04   
NO2 .02 .03   
SO2 -.02 -.03   
PM10 .04 .1   
lnAPI .05 .03   
Distance -.02 -.0 -.08 .03 
RE .09 .02 .11 .02 
Dummy -.22 -.1 -.25 -.15 
 
Meanwhile, Table 4.11 shows the relationship among the independent variables. High 
correlation may cause a multicollinearity problem. All variables have low correlation 
except for the nominal variables such as having tertiary and secondary levels of education 
(-.82), having good and fair health condition (-.93), race and dummy (-.75), CO and NO2 
(.-88), CO and SO2 (.98) and lnGLC and distance. Education and health variables have a 
high correlation within their own categories and they are maintained in the model because 
they are relevant variables in influencing people’s perceptions. Race and dummy for 
random sampling is correlated because all Malays were collected using random sampling 
and most of the non-Malays were collected using online/non-random sampling. Air 
pollution components have high correlations with each other, thus SO2 (VIF=39.62) is 
omitted to avoid a multicollinearity problem.  
The variable of distance is excluded from the estimation for two reasons: the ground level 
concentration (GLC) variable is measured after adjusting for residential distance from 
LAMP. Distance is normally used as a proxy to indicate pollution level or exposure 
received by people. However, individual components of pollution are available and, thus, 
a distance variable is not needed. A RE variable is omitted from the analysis as the values 
of AIC and BIC are larger with the inclusion of this variable. It is also not a statistically 
105 
 
significant variable, and thus the inclusion of this variable will reduce the degree of 
freedom. 
Table 4.11 Correlation matrix among independent variables 
 
 
Therefore, the final equations for perceived air and environmental quality are shown as 
follows: 
𝑃𝑒𝑟𝑐𝑒𝑝𝑡𝐴 = 𝛼 + 𝛽1𝑖𝑛𝑓𝑜 + 𝛽2𝑒𝑑𝑢 + 𝛽3𝑌 + 𝛽4𝑔𝑒𝑛𝑑𝑒𝑟 + 𝛽5𝑎𝑔𝑒 + 𝛽6ℎ𝑒𝑎𝑙𝑡ℎ
+ 𝛽7𝑟𝑎𝑐𝑒 + 𝛽8𝑡𝑟𝑢𝑠𝑡+𝛽9𝑎𝑖𝑟 𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛+𝛽10𝑑𝑢𝑚𝑚𝑦 + 𝜀 
𝑃𝑒𝑟𝑐𝑒𝑝𝑡1/2 = 𝛼 + 𝛽1𝑖𝑛𝑓𝑜 + 𝛽2𝑒𝑑𝑢 + 𝛽3𝑌 + 𝛽4𝑔𝑒𝑛𝑑𝑒𝑟 + 𝛽5𝑎𝑔𝑒 + 𝛽6ℎ𝑒𝑎𝑙𝑡ℎ
+ 𝛽7𝑟𝑎𝑐𝑒 + 𝛽8𝑡𝑟𝑢𝑠𝑡+𝛽9𝑎𝑖𝑟 𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛+𝛽10𝑑𝑢𝑚𝑚𝑦 + 𝜀 
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Table 4.12 Description of variables 
Variables Description  Exp sign 
PerceptA 1 = Perceived high-levels of air pollution  
 0 = Perceived low-levels of air pollution  
Percept1/2 1 = Perceived high-levels of direct/indirect environmental   
       impacts    
 0 = Perceived low-levels of direct/indirect environmental   
       impacts  
Info 1 = Received information from more than one sources + 
 0 = Received information from one source, either pro/anti-  
 Lynas group  
Edu Education + 
 Secondary = 1 if secondary and 0 otherwise  
 Tertiary = 1 if tertiary and 0 otherwise  
 Base: Primary  
Y Income in Ringgit Malaysia (RM) per month:  
 
Lower middle (1,501-3,500) = 1 if lower middle and 0 
otherwise  
 
Upper middle (3,501-10,000) = 1 if upper middle and 0 
otherwise  
 High (10,001+) = 1 if high and 0 otherwise  
 Base: low (Below 1,500)  
Gender 1 = Male, 0 = Female + 
Age Given in years  
Health72 Health status: - 
 Fair = 1 if fair and 0 otherwise  
 Good = 1 if good and 0 otherwise  
 Base: Poor  
Race 1 = Non-Malay, 0 = Malay + 
Trust 1 = Trusts LAMP’s waste management, 0 = Does not trust - 
SO2 Sulphur dioxide in µg/ m3 + 
NO2 Nitrogen dioxide in µg/ m3 + 
CO Carbon monoxide in µg/ m3 + 
PM10 Particulate matter 10 in µg/ m3 + 
lnAPI Log air pollution index based on average concentration of  
 SO2, NO2, CO, O3 and PM10 + 
lnGLC Log of ground level center line concentration in mg/m3 + 
Dummy Random sampling = 1, 0 = Otherwise  
 
                                                          
72 The five categories of heath condition in the questionnaire were reduced to three. ‘1’ or ‘Poor’ consists 
of ‘Very poor’ = suffering from a chronic disease/s with frequently occurring symptoms, e.g., cancer; and 
‘Poor’ = suffering from a chronic disease/s with rarely occurring symptoms. ‘2’ or ‘Fair’ only has one 
component, ‘Fair’= suffering from a minor health problem/s, e.g., allergy, stress, etc. ‘3’ or ‘Good’ 
comprises of ‘Good’= does not suffer from any illness but might be ill due to circumstance, e.g. extreme 
heat, food poisoning, infection, etc.; and ‘Very good’ = is very unlikely to be ill even though s/he has 
been exposed to some factors that can cause illness. 
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Due to the availability of air pollution data, people’s perceptions of air pollution are 
analysed. Perceived air pollution is examined with the inclusion of individual components 
of air pollution and lnAPI as independent variables. The latter variable is used to indicate 
the impact of industrial pollution on people’s perceptions. Perceived air pollution is 
classified into short-term (1 = less than five years from 2015) and long-term (2 = more 
than ten years from 2015). The second dependent variable is perceived environmental 
impact. Perceived environmental impact is categorised into two: direct and indirect 
impacts. These categories are based on the results given by the Principle Component 
Analysis (see Chapter 3). Direct impacts are the impacts that have a clear direct relation 
with the other components, while the indirect impacts are the impacts that are not clear to 
the respondents. For instance, LAMP is perceived to cause air pollution (direct impact), 
and the perceived air pollution from LAMP may affect humans’ health (indirect impact). 
Since both dependent variables (air and environmental impacts) are binary variables, a 
logit model is used. 
Better education, male gender, non-Malay race, high levels of individual components of 
air pollution, ground level centre line concentration (GLC) and/or poor air quality index 
(API) are expected to have a positive impact on the dependent variable. Scientific 
information about REEs is mostly available in English and require more than a basic level 
of education to understand. Thus, those who have higher levels of education can read 
information about REEs and risks associated with them. Male respondents are more likely 
to have had exposure to information compared to women from various sources in the 
workplace via the internet, officemates and some seminars regarding LAMP. Women 
who are not working (41 per cent) may not have this exposure, and those who are working 
but married are expected to focus more on family matters. Non-Malay respondents are 
expected to perceive impacts as serious because they have a recent history of 
demonstration and protest in these areas. High levels of air pollution, GLC and API are 
expected to have a positive effect on people’s perceptions.  
Trust and good health are expected to have a negative relationship with the dependent 
variable. Those who trust Lynas are expected to perceive low or no environmental effects 
from LAMP’s operation. Further, where someone with a poor health status might perceive 
negative impacts because they are easily affected by exposure to pollutants, healthy 
people are expected to be less concerned. No priori expectations on variables such as 
source of information received, income and age. While in the literature older people tend 
to perceive environmental impacts as being more serious than do other age groups, there 
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is a possibility that the older survey respondents are ignorant and/or not interested in so-
called ‘political issues’.  
Tables 4.13 to 4.14 present the marginal effects of each independent variable on the 
dependent variables as a result of LAMP’s operation. The result in Table 4.13 (second 
column) shows that, in the short term, source of information plays an important role in 
affecting people’s perceptions of air pollution. Other variables such as education, income, 
gender, race and trust also have significant effects. Specifically, it shows that those who 
received information about LAMP from many sources are 13 per cent more likely to 
believe that LAMP may cause high levels of air pollution in the short-term compared to 
those who received information only from one source. The reasons for this is that 77 per 
cent of the respondents received information about LAMP from mass media and the mass 
media that are not controlled by the government, are widely discussed the health problems 
(Idris, 2012) and environmental hazards (McCoy, 2013) associated with LAMP’s 
operation. According to Mazur (1990, p.295), “extensive reporting of a controversial 
technological or environmental project not only arouses public attention, but also pushes 
it towards opposition”. Also, half of the respondents (52 per cent) relied on politicians, 
NGOs and anti-Lynas groups that are known for opposing the plant.73 
Those who attained the highest level of education are 17 per cent more likely to perceive 
high-levels of environmental impacts as compared to those who have the lowest 
educations level. The same goes for non-Malays, with this group being 12 per cent more 
likely to perceive the level of environmental impact to be high compared to Malay ethnic 
group. However, the upper-middle and high-income groups are 10 per cent and 30 per 
cent less likely to perceive the level of environmental impact to be high in the short-run, 
as compared to the lowest income group. Males, in contrast to the priori expectation, are 
found to be 8 per cent less likely to perceive LAMP’s impacts on air quality as being high 
levels. One of the reasons for this is that they are already used to poor air quality due to 
smoke and/or dust from their work place and the nearby industries. Furthermore, those 
who trust Lynas are 65 per cent less likely to see high-levels of impacts in the short-term. 
The inclusion of lnAPI in the model revealed an insignificant result showing poor 
surrounding air quality produced by all industries did not affect people’s perceptions of 
LAMP. A dummy variable is not significant showing there is no significant different 
                                                          
73 Information received by respondents might contain political lobbying towards the opposition of LAMP, 
but a detailed study on the political aspect of LAMP is beyond the coverage of this dissertation.  
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between responses collected through a random and a non-random sampling methods, and 
this result is consistent with the result given by independent sample t-test. 
Table 4.13 Public perceptions of air pollution – short and long terms74 
Dependent Variable Perceived Air Pollution  
                                                     Short-Run                                          Long-Run 
Variable Air Pollution lnAPI Air Pollution lnAPI 
Information  .126*** .12*** .091** .082** 
 (.037) (.037) (.039) (.039) 
Education      
Secondary .074 .072 .178** .177*** 
 (.061) (.061) (.074) (.074) 
Tertiary .168** .17** .188** .183** 
 (.07) (.07) (.083) (.084) 
Income      
Lower-middle -.039 
(.049) 
-.039 
(.049) 
-.021 
(.048) 
-.015 
(.049) 
Upper-middle -.104* 
(.06) 
-.099 
(.06) 
-.12* 
(.067) 
-.098 
(.068) 
High  -.298*** 
(.07) 
-.299*** 
(.069) 
.042 
(.11) 
.043 
(.113) 
Gender -.069* -.067* -.012 -.013 
 (.038) (.038) (.04) (.041) 
Age .001 .001 .002 .003 
 (.002) (.002) (.002) (.002) 
Health     
Fair -.007 -.000 -.026 -.029 
 (.125) (.125) (.123) (.123) 
Good -.064 -.057 .005 .002 
 (.125) (.124) (.123) (.123) 
Race .125** .129** .135** .14** 
 (.054) (.055) (.057) (.059) 
Trust 
-.653*** -.647*** -.448*** 
-
.439*** 
 (.188) (.189) (.063) (.064) 
CO -.086  .038  
 (.11)  (.118)  
NO2 -.019  -.005  
 (.019)  (.02)  
PM10 .002  .006***  
 (.002)  (.002)  
                                                          
74 Coefficients from air pollution components (comprise of CO, NO2, PM10) and lnAPI are very similar 
because lnAPI is air pollution index which comprises of all pollutions (CO, NO2, PM10, O3), including 
pollution produced by other sources. Meanwhile, the air pollution components are only focused on the 
pollution released by LAMP to distinguish the impact of LAMP and other sources. 
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lnAPI  .075  .076 
  (.085)  (.1) 
Dummy -.048 -.045 .061 .069 
 (.063) (.064) (.065) (.067) 
Log 
Likelihood 
-311.494 -312.605 -340.208 
-
345.134 
N 570 570 570 570 
LR chi2 (10) 105.38 103.16 86 76.15 
Prob>chi2 .000 .000 .000 .000 
Pseudo R2 .145 .142 .112 .099 
  Note: *p < 0.1; **p < 0.05; ***p < 0.01. Standard errors are in parenthesis. 
With regard to perceived air pollution in the long-term (column four), it shows that 
respondents who received information from many sources, obtained secondary and 
tertiary levels of education and are non-Malays are 9 per cent, 18 per cent, 19 per cent, 
13 per cent respectively, are more likely to perceive high levels of air pollution in the 
long-term as compared to those who received information from one source, obtained 
primary education and Malay ethnic, respectively. The respondents are .6 per cent more 
likely to perceive high air pollution with an increase in PM10. The upper-middle income 
group (RM3, 501-10, 000), nevertheless, is 12 per cent less likely to perceive that LAMP 
causes high levels of air pollution as compared to the low income group. Those who 
trusted Lynas are 45 per cent less likely to perceive high levels of long-term impacts 
compared to those who did not. The inclusion of lnAPI has an insignificant impact on 
people’s perceptions.  
For perceived environmental pollution, Table 4.14 shows that those who received 
information from many sources, obtained the highest education levels, are non-Malays 
and are exposed to PM10 are more likely to perceive high levels of direct environmental 
impact in the short-term, compared to those who received information from one source, 
obtained the lowest education level and belonged to the Malay group. Meanwhile, who 
are in the upper-middle income group and trusted LAMP are less likely to perceive the 
direct environmental impacts as high compared to the lowest income group and who do 
not trust LAMP. A similar result is found for the indirect environmental impact, except 
that education and PM10 are no longer important determinants of perceptions, but age and 
NO2 are significant in affecting people’s perceptions. The inclusion of lnAPI in both 
direct and indirect environmental impacts has no effect on the dependent variable. 
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Table 4.14 Public perceptions of main and subsequent impacts 
Dependent Variable Perceived Pollution 
                                    Direct                                 Indirect 
Variable Air Pollution lnGLC Air Pollution lnGLC 
Information  .11*** .105*** .298*** .293*** 
 (.039) (.039) (.028) (.028) 
Education      
Secondary .073 .071 .01 .007 
 (.07) (.071) (.065) (.065) 
Tertiary .146* .143* -.019 -.019 
 (.079) (.079) (.073) (.074) 
Income      
Lower-middle -.007 
(.05) 
-.005 
(.05) 
.119** 
(.047) 
.116** 
(.047) 
Upper-middle -.106* 
(.063) 
-.091 
(.064) 
.094 
(.063) 
.095 
(.063) 
High .069 
(.111) 
.071 
(.113) 
-.014 
(.109) 
-.021 
(.111) 
Gender -.018 -.017 -.033 -.029 
 (.041) (.041) (.037) (.038) 
Age .002 .003 .004** .004** 
 (.002) (.002) (.002) (.002) 
Health     
Fair -.065 -.062 -.072 -.064 
 (.124) (.126) (.112) (.113) 
Good -.06 -.058 -.057 -.052 
 (.124) (.126) (.112) (.113) 
Race .155*** .149** .046 .036 
 (.057) (.062) (.055) (.059) 
Trust -.582*** -.576*** -.47*** -.46*** 
 (.121) (.122) (.091) (.091) 
CO -.052  -.19*  
 (.116)  (.106)  
NO2 -.019  -.026  
 (.02)  (.018)  
PM10 .005**  .001  
 (.002)  (.002)  
lnGLC  .002  .000 
  (.028)  (.025) 
Dummy -.03 -.034 .076 .065 
 (.066) (.07) (.062) (.064) 
Log Likelihood -339.221 -343.329 -297.718 -301.059 
N 570 570 570 570 
LR chi2 (10) 102.63 94.41 153.72 147.04 
Prob>chi2 .000 .000 .000 .000 
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Pseudo R2 .131 .121 .205 .196 
Note: *p < 0.1; **p < 0.05; ***p < 0.01. Standard errors are in parenthesis. 
To summarise, sources of information received, education, income, gender, race, trust, 
pollution and age were found to be important determinants of perception. These results 
were consistent with previous research findings (Afroz et al., 2016; Liao et al., 2015; Lanz 
& Provins, 2014; Shi & He, 2012; Dogaru et al., 2009; Brody, Peck & Highfield, 2004; 
Elliott et al., 1999). 
 
4.4 CONCLUSION  
 
In brief, it is found that most people (72 per cent) perceived LAMP to be more dangerous 
than other chemical plants in the Gebeng Industrial Estate. However, a close examination 
of this perception showed that respondents perceived LAMP’s environmental impacts as 
low-levels in the short-term (48-57 per cent) and unknown for most of the subsequent 
effects (27-36 per cent). The high-levels of impacts were only perceived in the long-term 
(42-66 per cent). The percentage of this high long-term impact, however, is still lower 
than the percentage of general perception. Despite some inconsistencies, their perceptions 
overlapped with some of the experts’ views and the environmental data. Logit results 
revealed that the source of information plays a role in affecting respondents’ perceptions. 
That is, those who received information from a variety of information sources are more 
likely to perceive LAMP as having high-levels of environmental impacts compared to 
those who did not. Other variables such as education, income, gender, race, trust, 
pollution and age also affect people’s perceptions. 
However, most of the experts (the DOE, AELB and Lynas advisor) believed that LAMP 
is not dangerous and the environmental data (except water quality – inconclusive result) 
revealed a low-level of environmental impacts. There is also number of other chemical 
plants have been operating in the area before the establishment of LAMP. A question 
arises: Why is only LAMP subjected to such scrutiny and blame? Here, one recognises 
the role of information circulated by many mass media and other sources. This media-
generated information creates fear among the locals and influence their perceptions.  
It is difficult to control circulation of this kind of information, but making data widely 
available publicly would be a good way to counter such difficulties. Data availability is 
currently incomplete and poor, and if made more accessible to the public, would be able 
to assist in clearing up or at least reducing undue negative perceptions of Lynas 
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Corporation. Making the data publicly accessible will indirectly encourage Lynas and 
other similar companies to reduce their pollution and adopt state-of-the-art technologies 
to avoid public ire, thus also creating better environments for all living creatures. Data 
disclosure is essential to inform the public about the current state of their environment, 
which can guide them to interact with it in the safest and most rational ways. As it is, 
relying on their perceptions, which are subject to errors and are influenced by various 
factors for better and worse, the public might unnecessarily incur costs to avoid non-
existent impacts or fail to act where action is wise because they do not perceive impacts. 
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CHAPTER 5  
 
THE IMPACT OF PERCEPTION ON HUMAN BEHAVIOUR 
 
5.1 INTRODUCTION  
 
From the findings in Chapter 4, it is clear that a majority of the locals perceived LAMP’s 
general impacts on the environment and human health to be dangerous. Although the 
short-term impacts were perceived to be low-levels, ranging from absent to moderate, in 
the long term, however, the impacts were perceived to be high levels, rated as serious and 
very serious. Interpolation data on air quality revealed that Lynas has followed all the 
regulations set by the authority (the DOE). Meanwhile, for river water quality, the 
interpolation data showed that in two areas of the Balok River—the watercourse 100m 
downstream from LAMP’s final discharge point and the watercourse 750m upstream 
from LAMP’s final discharge point—the qualities were labelled as poor, as measured in 
terms of the water quality index (WQI). The WQI also showed that the area closer to 
LAMP was more polluted. However, no causal relationship between river water quality 
and LAMP’s operation can be made. 
This chapter aims to analyse protective action undertaken by respondents in regard to 
their perceptions of LAMP. In particular, it analyses the following questions: Do people 
undertake averting behaviour given the following propositions?: i) it is a mere perception 
that LAMP has negative impacts on the environment and humans’ health (since they did 
not have access to the actual pollution data), ii) they are already used to the polluted 
environment, iii) pollution is from a non-point source, iv) pollution is in a low dose and 
v) perceived health and environmental impacts may occur in the future. If the respondents 
undertake averting behaviours, what are they? How much is the cost (direct and indirect) 
associated with averting behaviour? What are the effects of pollution (objective measure) 
and perception (subjective measure) in averting behaviour? What is the magnitude of 
averting behaviour? 
Direct effects refer to the cost incurred by individuals to avoid exposure from LAMP, 
while indirect effects are the costs or losses suffered by a third party due to the actions 
taken by individuals. For instance, if respondents perceive that LAMP’s operation 
pollutes their environment and affects the quality of local production (ie: aquatic species) 
and/or human health, they may avoid consuming local products, which also affects the 
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livelihood of other people. By choosing not to consume local goods, such as fish from the 
Balok River, earnings of local fishermen may be affected. However, the locals may or 
may not take any action to protect themselves, depending on how they perceive the 
impacts. According to Shi and He (2012), environmental behaviours of individuals 
depend on their perceptions of environmental pollution. There are several studies showing 
that perceived risk of damage is followed by preventive actions (Wright et al., 2014; 
Vázquez et al., 2012; Heemskerk and Oliviera, 2003; Brewer et al., 2004), while there is 
also a study showing the opposite (Charles et al., 2013).  
To answer the above questions, survey data collected from 570 respondents were 
analysed. Interviews with the local fishermen using a convenient sampling method was 
conducted. The data were analysed using simple mathematical calculation, cross-
tabulation, logit and tobit techniques. This chapter is organised as follows: it starts with 
the theoretical framework and a review of previous studies to identify the gaps in the 
literature, in order to form the objectives of this chapter. It then presents the analysis and 
findings and ends with a conclusion of this chapter.  
 
5.2 DEFINITION, THEORETICAL FRAMEWORK AND LIMITATIONS 
 
5.2.1 Definition 
 
In the field of economics, the value of natural environment is recognised because of its 
ability to satisfy human needs and wants. This economic theory of value is based on 
neoclassical welfare economics, stating that individuals’ well-being depends not only on 
consumption of private goods and the goods or services provided by the government, but 
also on quantities and qualities of non-market goods. Prices and quantity demanded in the 
market are used to measure changes in individual well-being resulting from consumption 
of goods, and this theory has been extended and applied to non-market goods. This theory 
assumes that an individual has a well-defined preference among a bundle of goods, and 
the goods consist of market and non-market goods. It is also assumed that individuals 
know their preference and this preference has the property of substitutability among the 
goods. This means that when individuals reduce their consumption of a market good, 
increases their consumption of a non-market good will put them at the same level of utility 
(Freeman III, Herriges and Kling, 2014). 
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The substitutability between marketed and non-marketed goods creates a trade-off 
between the goods that matter to a person. By engaging in trade-off activities, this reveals 
the value that people place on those goods. Prices can be used to express the economic 
value of a particular good. A contingent valuation method, a method to infer individuals’ 
values for environmental goods which is based on the substitutability concept, can be 
divided into two: stated preference75 and revealed preference76 approaches. This 
dissertation uses revealed preference because, according to Freeman III, Herriges and 
Kling (2014), it reveals people’s actual choices made as compared to hypothetical 
responses in the stated preference method. It also avoids problems associated with 
hypothetical responses (Hicks, 2002), for instance, a tendency to overestimate the value 
of WTP (Hanley and Barbier, 2009). Thus, revealed preference, particularly averting 
behaviour (AB), is used in this chapter.  
Abdalla et al. (1990) argued that when people are exposed to poor levels of environmental 
quality, they may choose to do nothing, pay the polluting firm or promote public actions 
to reduce the pollution, or take protective actions to mitigate the harmful effects. When 
people have few choices, they will choose an option that can maximise their utility. By 
selecting one option, they are engaging in a trade-off. The decision to choose a protective 
action by involving some costs to compensate for poor levels of environmental quality 
will put them at the same level of utility as they were before the deterioration of 
environmental quality. Protective or defensive action is known as averting behaviour 
(AB). In this dissertation AB is defined as any protective action taken with the intention 
to mitigate pollution emissions produced by LAMP (see Chapter 3 for a detailed 
definition).  
There is an economic cost associated with AB, as the person must decide how much s/he 
should incur to reduce the environmental unpleasantness (Courant and Porter, 1981). In 
economic terms, the cost is called ‘averting expenditure’ or ‘avoidance cost’ (Mendelsohn 
and Olmstead, 2009). For instance, exposure to water pollution may be harmful to one’s 
health; thus, by purchasing a water filter system (averting expenditure), an individual can 
reduce the risk of falling ill. 
  
                                                          
75 A stated preference is a method that asks people directly about how much they are willing to pay 
(WTP) or willing to accept (WTA) compensation as a result of environmental changes (Hanley and 
Barbier, 2009). 
76 A revealed preference approach is a method that used to study people’s decisions by observing people’s 
behaviours in markets to infer non-market values (Laughland et al., 1996). 
117 
 
5.2.2 Theoretical framework 
 
The theoretical framework for AB is based on the household production model. This 
framework is used to examine the interaction between demand for market goods and the 
availability of the public good (Freeman III, Herriges and Kling, 2014). The AB model is 
based on the hypothesis of expected utility maximisation, where a household maximises 
its utility from consuming a composite of good (X) and environmental quality (Q) subject 
to budget constraints. When environmental quality deteriorates (or is perceived to have 
deteriorated), the household undertakes AB because this may affect its health and well-
being, thus consequently affecting utility and productivity (Vásquez, Mozumder and 
Franceschi, 2015). Specifically, based on Um, Kwak and Kim (2002) that followed 
closely the study of Bartik (1988), the utility maximisation problem of a household can 
be written as follows: 
𝑀𝑎𝑥 𝑈 (
𝑋,𝑄
𝑋, 𝑄) 
𝑠. 𝑡.  𝑋 + 𝐷(𝑄, 𝑃) = 𝑌       (1) 
where Q is environmental quality an individual is exposed to, which directly affects 
his/her  utility; P is pollution level; D() is the averting expenditure (AE) function, showing 
that AE needs to reach a particular personal environmental quality at a specific pollution 
level; Y is income; X is the numeraire commodity; and 𝑈𝑥 > 0, 𝑈𝑄 > 0, 𝐷𝑃 > 0, 𝐷𝑄 <
0. Subscripts indicate partial derivatives. To find the change in income in order to 
maintain constant utility as pollution levels change, the Lagrangian with respect to P and 
Y is totally differentiated and the utility change is set equal to zero. Compensation in AB 
needed for a small pollution change is represented as follows: 
𝜕𝑦
𝜕𝑥
|
𝑢𝑡𝑖𝑙𝑖𝑡𝑦 𝑓𝑖𝑥𝑒𝑑
=𝐷𝑃        (2) 
Thus, 𝐷𝑃 is the cost reduction with lower pollution level, and is also equal to savings in a 
household’s income. This model refers to the conventional averting behaviour model 
(ABM). For the perception ABM, pollution level (P) is replaced by the perceived 
pollution level (PP) and follows the same analysis as the above model. Now, household 
utility depends on the perceived exposure to pollution (PQ) and commodity (X). Averting 
expenditure (PD) is also based on the PP and PQ, and thus the household’s utility 
maximisation problem can be written as, 
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𝑀𝑎𝑥 𝑈 (
𝑋,𝑄
𝑋, 𝑃𝑄) 
𝑠. 𝑡.  𝑋 + 𝑃𝐷(𝑃𝑄, 𝑃𝑃) = 𝑌       (3) 
where 𝑈𝑥 > 0, 𝑈𝑃𝑄 > 0, 𝑃𝐷𝑃𝑃 > 0, 𝑃𝐷𝑃𝑄 < 0, and PD () is the averting expenditure 
required to change the environmental quality from PP to PQ. PP is different from actual 
pollution, but functionally related to it: 
𝑃𝑃𝑖 = 𝑃𝑃(𝑃𝑖, 𝐻𝐶𝑖, 𝑊𝐶𝑖)       (4) 
where 𝐻𝐶𝑖 represents the household’s characteristics and 𝑊𝐶𝑖 refers to other factors such 
as trust in the waste management processes of the firm, source of information received 
and distance from the firm. It is assumed that P indirectly affects the household’s utility 
through perceived pollution (PP), WTP for a perceived small change in pollution is: 
𝜕𝑦
𝜕𝑥
|
𝑢𝑡𝑖𝑙𝑖𝑡𝑦 𝑓𝑖𝑥𝑒𝑑
= 𝐷𝑃𝑃        (5) 
 
5.2.3 Limitations 
 
According to Bartik (1988), ABM relies on four assumptions and these assumptions 
associated with some problems. First, averting expenditures are perfect substitutes for 
reduction in pollution and do not serve other purposes except for reducing pollution. 
However, AB and reduction in pollution are not perfectly substituted because not all 
health problems that arise from pollution can be totally solved using defensive measures. 
For example, when humans’ lungs have been affected by pollutants, the impact of having 
respiratory problems remain in the body. Also, defensive expenditure, for example the 
purchase of air conditioners, are not only filter out the pollutants, but can also serve as a 
cooling system.  
Secondly, it is assumed that adjustment costs associated with reducing the amount of 
defensive expenditure are not significant. However, some defensive expenditures are 
costly to reverse once they have been undertaken, for instance, constructing a new well 
to avoid water pollution, or building thicker walls to reduce noise pollution. Thirdly, 
because a defensive expenditure function is assumed to be a well-known technical 
relationship, it can be calculated using scientific information without the need for 
behavioural estimation. But, the function is not known and must be estimated using 
information from household behaviour. Lastly, the model assumes government can 
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influence pollution level. However, some pollution such as radon exposure is a naturally 
occurring phenomenon. Thus, it can be higher or lower than the permissible limit and the 
exposure of every house may be different. 
In addition, according to Courant and Porter (1981), AB is not a good measure of WTP 
for a reduction in pollution. Let’s rewrite equation (1): 
𝑀𝑎𝑥 𝑈 (
𝐷
𝑄, 𝑋)                                                                                                                          
𝑠. 𝑡.       𝑄 = 𝑄(𝐷, 𝑃)        
   
𝑌 = 𝑋 + 𝐷 
where, 
𝐷(𝑄, 𝑃) = 𝐷 → 𝑄(𝐷, 𝑃) = 𝐷−1(𝐷, 𝑃) 
Therefore, 
 𝑀𝑎𝑥 𝑈 [
𝐷
𝑄(𝐷, 𝑃), 𝑌 − 𝐷]       (6) 
First order condition: 
 𝑈𝑄
.𝑄𝐷 + 𝑈𝑥(−1) = 0 
Rearrange the equation: 
 
𝑈𝑄
𝑈𝑋
=
1
𝑄𝐷
         (7) 
Second order condition: 
 𝑈𝑄𝑄𝐷𝐷 + 𝑈𝑄𝑄𝑄𝐷
2 + 𝑈𝑋𝑋 − 2𝑈𝑋𝑄𝑄𝐷 = ∆< 0 
The change in environmental quality yields, 
𝑑𝑈
𝑑𝑃
= 𝑈𝑋
𝑑𝑌
𝑑𝑃
+ 𝑈𝑋 (−
𝑑𝐷
𝑑𝑃
) + 𝑈𝑄
𝑑𝑄
𝑑𝑃
+ 𝑈𝑄𝑄𝐷
𝑑𝐷
𝑑𝑃
= 0 
       = 𝑈𝑋
𝑑𝑌
𝑑𝑃
+ (−𝑈𝑋 + 𝑈𝑄𝑄𝐷)
𝑑𝐷
𝑑𝑃
+ 𝑈𝑄𝑄𝐷
𝑑𝑄
𝑑𝑃
= 0 
       = 𝑈𝑋
𝑑𝑌
𝑑𝑃
+ 𝑈𝑄𝑄𝐷
𝑑𝑄
𝑑𝑃
= 0      (8) 
The WTP for a reduction in pollution which refers to the change in income is, 
 
𝑑𝑌
𝑑𝑃
= −
𝑈𝑄
𝑈𝑋
𝑄𝑃 = −
𝑄𝑝
𝑄𝐷
< 0      (9) 
However, the change in AB is, 
𝑑𝐷
𝑑𝑃
= −
𝑄𝑃
𝑄𝐷
+
(𝑄𝐷
.𝑄𝐷𝑃−𝑄𝑃
.𝑄𝐷𝐷
−𝑄𝐷∆
𝑈𝑄                          (10) 
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The above equations (9 and 10) show that both AB and WTP are not the same. This result 
is similar to the finding given by Courant and Porter (1981) that found that when 
environmental quality does not or does enter directly into the utility function, AB 
underestimates or does not provide a clear estimate of WTP when environmental quality 
improves. 
In brief, AB is a theoretically incorrect method to value environmental quality because it 
does not measure consumer surplus. However, this method has been widely used by 
scholars to indicate people’s willingness to pay for environmental goods. Despite its 
limitations, AB calculates the costs incurred, although inaccurate, by respondents to 
protect themselves from their perceived adverse environmental impacts. Moreover, 
previous AB studies show that people behave according to scientific data and/or 
perception and hence has a policy implication to reduce costs incurred by the public. Also, 
people’s actions are not only affecting their welfare, they also affect Lynas’ performance 
and profit, as mentioned in Chapter 1.  
   
5.3 LITERATURE REVIEW  
 
A large number of empirical studies has been conducted using the ABM for different 
types of pollution, mostly on water (Vásquez, Mozumder and Franceschi, 2015; Lanz and 
Provins, 2014; Onjala, Ndiritu and Stage, 2013; Khan et al., 2010; Jakus et al., 2009; 
Nauges and Berg, 2009; Cai and Shaw, 2008; Haq, Mustafa and Ahmad, 2007; Sattar et 
al., 2007; Um et al., 2002; Abrahams et al., 2000; Harrington et al., 1989; Smith and 
Desvousges, 1986) and air  pollution (Li and Ferreira, 2015; Mu and Zhang, 2014; 
Bresnahan et al., 1997; Mansfield et al., 2006). Of these numerous studies, some focused 
on estimating the costs of AB, finding the determinants of AB, AE and/or WTP, 
highlighting the important role of perception (a subjective measure) on AB, as well as 
analysing the impact of both subjective and objective measures (actual pollution values).  
For example, Harrington et al. (1989) estimated welfare losses from a waterborne disease 
outbreak in Pennsylvania during 1983 to 1984 using two methods: costs of illness (COI) 
and AB. COI derived from medical costs, work loss and productivity and leisure losses, 
while AB was in the form of hauled or boiled water, purchased of bottled water, or mixed 
strategies. Mailed questionnaires administered to 176 respondents were used to measure 
the COI while 50 telephone interviews were conducted to examine the AB. Losses in the 
form of COI were in the range of $858 to $1,255 per confirmed case. Meanwhile for AB, 
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almost all respondents had undertaken some actions to reduce the risks, and the estimated 
loss due to their actions based on upper bound, lower bound and average values of upper 
and lower bounds were in the range of $0.4 to $3.6 per person on a daily basis. Total 
welfare losses from COI and AB ranged from $8 to $64 million for 75,000 people. 
There are also studies that focused on the determinants of AB (Khan et al., 2010; Haq, 
Mustafa and Ahmad, 2007; Sattar et al., 2007). Abdalla et al. (1992) for instance, used 
averting expenditure (AE) to measure economic costs of groundwater contamination in 
Perkasie, Pennsylvania. A questionnaire survey was conducted in 1987/89. The results 
showed that less than half of the respondents out of a total of 761 were aware of the 
contamination problem and, of this proportion, about 44 per cent undertook AB. AB is 
measured in terms of increased purchase of bottled water compared to the time prior to 
contamination, purchased of new bottled water, purchased of home water treatment 
systems and increased numbers of hauling and boiling water. During an 88-week 
contamination period, AE was estimated to range from $61,313 to $131,334. In addition, 
a logit regression model revealed that AB was determined by risk perception, awareness 
of contamination and the presence of children. Also, to measure the intensity of AB, 
ordinary least squares (OLS) regression was used to identify the determinants of AE. The 
result showed that people were likely to spend more money in the presence of young 
children (less than 3 years old). 
Bresnahan et al. (1997), on the other hand, studied air pollution in Los Angeles during 
1985 and 1986. Interview results revealed that almost two-thirds of the 226 respondents 
changed their behaviours with respect to poor air quality by spending more time indoors 
(40 per cent), increasing use of air-conditioning (20 per cent) and rearranging leisure 
activities during smoggy conditions (40 per cent). A logit regression suggested that those 
who experienced health effects of smog and had graduated from high schools were more 
likely to undertake AB than those who did not. A generalised least squares result revealed 
that people spent less time outdoors when they had health symptoms and when the 
concentration level of pollution exceeded the national standard.  
Some studies emphasised the role of perception in AB (Vásquez, Mozumder and 
Franceschi, 2015; Onjala, Ndiritu and Stage, 2013; Nauges and Berg, 2009; Jakus et al., 
2009; Cai and Shaw, 2008; Hanley et al., 2001; Abrahams et al., 2000). For example, 
Smith and Desvousges (1986) investigated the existence of AB to reduce exposure to 
risks from hazardous waste contamination in drinking water in Boston during 1984. The 
survey result showed that nearly half of their sample (45 per cent out of 609 people) 
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purchased bottled water, or purchased a filter system and attended public meetings with 
regards to hazardous wastes. A probit model was used to identify the determinants of each 
AB and found that purchase of a water filter was likely to be influenced by perceived 
risks, while purchase of bottled water was determined by a combination of perceived 
risks, younger age, low confidence in water suppliers, increased information regarding 
water contamination and other risks (for example, smoking). Attending public meetings 
was found to be influenced by location and awareness (for instance, reading hazardous 
waste news about their town).  
On the contrary, Li and Ferreira (2015) found the opposite result, revealing that AB was 
driven by objective data (actual pollution) instead of subjective data (people’s 
perceptions) when they analysed both data simultaneously. They examined the impact of 
haze on AB in five cities in China using pollution information and a perception variable, 
termed as ‘visibility’ in their study. Data were collected during 2013/14 from the Taobao 
website, the Ministry of Environmental Protection, the U.S embassies and the Natural 
Climatic Data Centre. AB was measured in terms of the purchasing of different types of 
masks: anti-PM2.5 masks, H7N9 masks (used for preventing bird flu), one-time use masks 
and anti-ultraviolet masks. The results of descriptive statistics showed that Beijing scored 
the highest sales as it was the most polluted city. PM2.5 and mask sales had a positive 
correlation. Regression results indicated that sale of masks had been significantly 
influenced by PM2.5 and yellow haze alert, and not the visibility variable, showing that 
the respondents behaved according to the actual information rather than their own visual 
or perceptions.  
In contrast, Um et al. (2002) found the opposite when they applied both methods 
(objective and subjective measures) to estimate people’s WTP for improved drinking 
water quality, in Pusan, Korea during 1997. A door-to-door survey was used on 256 
households. People perceived tap water to be of low quality (albeit data showed this was 
not the case)77 and undertook AB by boiling the water, purchasing bottled water, installing 
a water filter and using spring and underground water. A probit regression model was 
applied to identify the determinants of AB and revealed that perceptions of tap water 
quality affects AB. Also, AE was used as an indicator to determine the intensity of AB. 
A tobit model showed that those who lived longer at the same site, older people and have 
smaller family size were willing to spend more money to protect themselves against the 
                                                          
77 The pollution level was shown to be lower than the acceptable risks. 
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pollution. In addition, a person was willing to pay about $0.07–1.7 per month for a 
reduction in suspended solid concentration (an objective measure), while s/he was willing 
to pay higher for a subjective measure around $4.2–6.1 to improve tap water quality from 
current pollution levels to ‘drinkable without any treatment’. 
In brief, the aforementioned literature discussed the specific type of pollution, and 
people’s responses to mitigate perceived impacts. Some studies focused on measuring the 
costs of AB, finding factors affecting AB, AE and/or WTP, emphasising the influence of 
perception on AB, and also analysing the impact of both actual pollution and perception 
on AB. Nevertheless, most studies discussed the current impacts and actions taken to 
reduce the perceived impacts of environmental pollution. None of them, except Hanley 
et al. (2001), examined people’s actions with regards to long-term impacts. The long-term 
impacts are applicable for many types of industrial activities. Pollution produced by 
LAMP is in low dose (refer to Chapter 4 on monitoring data) and the perceived adverse 
impact as a result of accumulated effects, arguably, may be serious in the future. Thus, 
the perceived long-term impact should be analysed. Also, the use of both objective and 
subjective measures on AB studies are inadequate. Therefore, this dissertation aims to fill 
the gap in the current understanding of perception and protective behaviour with regards 
to environmental issues.   
 
5.4 FINDINGS AND DISCUSSION 
 
5.4.1 Will the respondents undertake averting behaviour/s? 
 
Table 5.1 displays a cross-tabulation results between averting behaviour (defined as any 
protective actions intended to reduce or avoid pollution emission produced by LAMP) 
with respondents’ characteristics. The table shows that in total 17 per cent of people have 
undertaken AB at present to avoid future perceived environmental impacts. The result is 
interesting because the local people were used to living and/or working in a polluted 
environment. Pollution produced by LAMP was also present in a low dose and in the 
short-term, about half of them (49–59 per cent) rated LAMP’s environmental impacts as 
insignificant, ranging from absent, marginal and moderate (discussed in Chapter 4). In 
the long-term, however, most of the respondents (about 42–66 per cent) perceived that 
the impacts may be serious and very serious. Hence, this may drive them to undertake 
preventive actions. 
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Table 5.1 Respondents’ characteristics and averting behaviour 
                                 Averting behaviour 
Variables No Yes 
Perception   
  Absent 40 (85.1) 7 (14.9) 
  Marginal 65 (61.5) 6 (8.4) 
  Moderate 93 (86.9) 14 (13.1) 
  Serious 156 (84.8) 28 (15.2) 
  Very Serious 106 (74.1) 37 (25.9) 
  I Don’t Know 13 (72.2) 5 (27.8) 
District   
  Teruntum 142 (78.9) 38 (21.1) 
  Tg.Lumpur 65 (91.5) 6 (8.4) 
  Inderapura 60 (92.3) 5 (7.7) 
  Beserah 95 (79.8) 24 (20.2) 
  Semambu 111 (82.2) 24 (17.8) 
Race   
  Non-Malay 181 (73.6) 65 (26.4) 
  Malay 292 (90.1) 32 (9.9) 
Gender   
  Female 218 (84.8) 39 (15.2) 
  Male 255 (81.5) 58 (18.5) 
Education   
  Primary 50 (90.9) 5 (9.1) 
  Secondary 237 (86.2) 38 (13.8) 
  Tertiary 186 (77.5) 54 (22.5) 
Age   
  21–30 122 (81.8) 28 (18.7) 
  31–40 116 (83.4) 23 (16.5) 
  41–50 108 (81.2) 25 (18.8) 
  51–60 93 (83.8) 18 (16.2) 
  60 and Above 34 (91.9) 3 (8.1) 
Income   
  Below 1,500 206 (87.3) 30 (12.7) 
  1,501–3,500 170 (84.1) 32 (15.8) 
  3,501–10,000 85 (75.9) 27 (24.1) 
  10,001 and 
Above 
12 (60) 8 (40) 
Trust   
  No 410 (81.3) 94 (18.6) 
  Yes 63 (95.4) 3 (4.5) 
TOTAL 473 (83) 97 (17) 
        Note: The numbers in parenthesis are the percentage. 
125 
 
Also, 26 percent of those who perceive the long-term environmental impact as very 
serious has undertaken AB. However, some people who rated the impact as absent and 
marginal also undertook preventive actions, although they represent a small number of 
the sample. This action refers to a talk attended by the respondents to gain knowledge 
about the company’s operations. From a district-wise perspective, Teruntum got the 
highest number of locals undertaking AB (38 respondents), even though LAMP is located 
in Beserah. The possible reason for this is that Teruntum has the largest number of non-
Malays in the sample—51 per cent—compared to Beserah (21 per cent), Semambu (19 
per cent), Inderapura (4 per cent) and Tg. Lumpur (4 per cent); and according to Leng 
(2013), the non-Malays had opposed the establishment of the plant. This is then followed 
by Beserah (24 per cent) and Semambu (24 per cent). These two areas are known as 
industrial areas, and thus they have been exposed to various types of pollution. However, 
since the affected area is in Beserah, the percentage of those taking action is higher in this 
area compared to Semambu. Inderapura and Tg. Lumpur have a smaller proportion of 
people undertaking AB because the number of Malays in these two areas (83 and 84 per 
cent) is higher than the other areas, approximately about 30 per cent (Teruntum), 60 per 
cent (Beserah) and 61 per cent (Semambu). These two areas are also far from LAMP site, 
about 35 km. 
For the race category, the non-Malays represent the largest group (26 per cent) undertook 
protective actions as compared to the Malay ethnic group because of many factors: non-
Malays were victims in the previous case of the Asian Rare Earth project (Malaysiakini, 
2011); they were also financially stronger and more stable (38 per cent) compared to the 
Malay group (7 per cent) with income above RM3,501; and most of them were not 
government officers (77 per cent), and thus have more freedom to take actions they 
want.78 The proportion of male (58 people) respondents who undertook AB is higher 
compared to females (39 people), because in some actions especially for protest and talk, 
men were more physically mobile than women, who needed to consider rescheduling 
their household chores if they wanted to join the protest. Men also received more exposure 
in terms of information received about LAMP from their work place as compared to 
female respondents, as 41 per cent of female respondents were either not working or 
worked from home, compared to 29 per cent of men in the same situation.  
                                                          
78 Government officers are prohibited to join any activities against the government, particularly protest. 
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In the case of education, those who attained tertiary levels of education scored the highest 
percentage of undertaking AB, followed by respondents with secondary levels of 
education. This is because, as mentioned in the previous chapter many sources regarding 
REEs and LAMP are available in English and require some knowledge of science to 
understand them. Thus, educated people can get the benefit of understanding the problems 
associated with rare earth production that influent their perceptions and actions. Age does 
not seem to be a differentiator for all groups, except for the senior age group (60 and 
above) due to problems associated with older age (such as poor health and being less 
literate) as compared to the younger age groups. Those who earned the highest incomes 
scored the highest percentage of taking AB, followed by the second-highest and third-
highest income earners due to income capability. Last, those who do not trust the 
company (94 respondents) was the largest group in undertaking AB, compared to those 
who trust it (3 respondents).  
 
5.4.2 What are the averting behaviours? And how much are the costs associated 
with the actions? 
 
Table 5.2 presents a few forms of averting behaviours undertaken by the local residents 
(see Part 3 in Appendix B). The methods to estimate the AE are explained below. 
Table 5.2 Forms of averting behaviours 
Averting Behaviour 
No. 
Action 
Range of 
Costs 
Averting 
Expenditure 
Recurring    
    Protest/talk 59  1.42 – 288 RM4,610.09 
    Reduction of food consumption 16  37.2 – 1,200 RM3,022 
    Reduction of  outdoor activities 14  48 – 1,920 RM4,584 
    Health expenditure 9  360 – 7,200 RM12,480 
    Consumption of water & fruits 6 360 – 720 RM1,800 
    Avoidance of LAMP area 5  0 RM0 
    Others 3  .47 – 3,000 RM5,000.47 
One-off    
    Migration79 7  850 – 200,045  RM208,993.4 
Total 119    
       Note: US$1=RM4.12, as of 29 September 2016. 
                                                          
79 In addition to these seven families who have migrated to a new place, there are also two families that 
intended to migrate; however, they are still looking for a better place for the benefit of all members of the 
family. 
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Originally, the objective of this chapter was to investigate how many respondents have 
reduced consumption of local food out of fear of negative effects of LAMP releasing its 
waste into the river used by the local people. However, the results show that a very small 
number of the sample took this action (3 per cent). One of the reasons for this is that, in 
the previous chapter, it was shown that people were not really concerned about the short-
term effects because they perceived that it was going to take a long time to contaminate 
the environment. Thus, avoiding eating local food now is perceived to be unnecessary. 
Also, changes in environmental quality were not significant enough to attract people’s 
attention. Most importantly, knowledge about environmental changes and their 
implications were not made available to the public. In other words, because the data on 
pollution produced by the plant was not known, people were not aware about it and in 
turn, led to behavioural silence. Therefore, all types of averting behaviours are included 
in this chapter as a mean of prevention from long-term environmental negative impacts.  
There are 119 actions undertaken by a total number of 97 respondents. Some people took 
more than one action to reduce the long-term perceived impacts from LAMP’s activities. 
In general, there are eight preventive measures undertaken by the respondents. However, 
these preventive measures can be broadly categorized into two: recurring and one-off 
actions. Each measure is calculated in order to estimate its costs. First measure is protest 
and it is a form of protective action conducted by the local community with the intention 
to reduce LAMP pollution emissions, and protest would not take place without the 
presence of perceived and/or actual threat. Smith and Desvousges (1986) used attendance 
at public meetings as a form of AB, thus, based on this example, protest or attending 
public talk discussing LAMP’s issue are considered as part of AB. There is a caveat of 
using protest or attending public talks as averting behaviours because these two methods 
do not avert anything. However, based on the definition of AB given in this dissertation 
which covers all types of protective action undertaken by respondents to mitigate 
pollution produced by LAMP, thus, protest and public talks are included in the definition. 
Specifically, to calculate the cost of protest, the opportunity cost of doing other things is 
taken into account. If the respondents are not involved in the protest, they could do 
something else that could generate money (e.g., work) or increase their utility (e.g., spend 
time with family). Here, time has an economic value and people recognise its value by 
being willing to pay more money to save their time. For instance, some people choose to 
take a flight rather than a bus, to save their valuable time. Also, time has a different value 
for different people. Thus, to calculate leisure time loss as a result of protesting, an 
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individual’s average income is divided by hours worked per day. Thus, using their own 
income as a measure of opportunity cost, this reflects how much the price of their time is. 
For students or the unemployed, the value of their time is equivalent to a minimum wage 
of RM 4.33 ($1.05) per hour, because it is assumed that if they were working, they could 
earn at least a minimum wage. 80 
Transportation costs incurred by the respondents when they join the protest are also 
calculated. Some people could estimate their fuel costs, while some could not, especially 
females. However, they could provide other information that was useful in estimating the 
total cost. For instance, How far is their place from the place of protest?, How much fuel 
has been used?, or How long will it take to go to that place? Since they were able to 
answer these questions, the cost incurred could be calculated. With regards to this case, 
there are three types of fuels available in the market: RON 95 (RM1.70/litre), RON 97 
(RM2/litre) and diesel (RM1.7/litre). The prices of these fuels in February 2016 were 
used. For these groups of people, it is assumed they used the cheapest fuel for their cars. 
Second, the reduction of local food consumption can be seen in two forms: reduced 
consumption of local goods or change to a different market place. For the former, in most 
cases it is found that there was no cost associated with their actions because the market is 
perfectly competitive. Thus, if they did not buy the local goods in one shop, they could 
buy non-local goods81 in other shops at similar prices, and gain similar utility. While for 
the latter differences in distance in terms of the old and new places are considered, the 
value difference would only be included in the analysis if the respondents report that they 
made this decision due to LAMP. Otherwise, this value would be ignored.  
The cost of reducing outdoor activity is calculated based on the travel cost method as a 
result of utility loss. The calculation is similar to the protest method where time and fuel 
costs are estimated. Those who were involved in this activity claimed that they used to 
spend their leisure time with their families and friends at the beach, as Kuantan is located 
in the east coast area. It is assumed that they spend their leisure time at the beach close to 
their residential areas, which is reflected by the fuel cost as well. However, they tried to 
reduce the time spent outside to avoid the perceived environmental impacts. Thus, the 
                                                          
80 For Peninsular Malaysia, the minimum wage or basic wage is RM900 per month (RM4.33/hour), not 
including allowances or other payments (Ministry of Human Resources, 2013).  
81 Non-local goods are easily recognised by the local people, especially fish or aquatic species, because 
they know what type of fish/aquatic species are available, not available or not easily available in their 
areas. The non-local goods are usually not fresh or kept in a frozen state, and/or sold by non-local 
fishermen. 
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utility gained from the pleasure of spending their time walking, playing, eating and so on 
has reduced.  
For health expenditure, the costs of medicine (including purchasing vitamins or 
supplements) or medical check-ups are counted. Regarding consumption of water and 
fruits, the respondents have given their estimated costs.82 Those who avoid passing the 
area stated that they could afford a detour as it incurred (little or) no cost. Other measures 
taken are calculated as follows: purchasing additional fertiliser is calculated based on the 
cost of additional fertiliser, rejecting job offers is calculated based on the opportunity loss 
of rejecting those jobs and praying is calculated based on the cost of time spent in prayer.  
For those who have migrated to a new place,83 if they are unable to estimate their moving 
costs, quotation given by the local logistic service providers were used. There are various 
companies with different sizes, reputations and rates. It is assumed that the companies 
operate under a perfectly competitive market where the services offered are homogenous, 
respondents have perfect information about the prices and try to maximise their utility by 
choosing the cheapest rate offered by the companies, and they are indifferent in terms of 
the utility gained from the service rendered. 
The above results show that the most frequent method used by the respondents to express 
their dissatisfaction is through protest or attending talks, approximately 50 per cent. 
Protests took various forms, such as mass sit-ins, marches, demonstrations, petitions and 
campaigns. It also included the written form of complaints. For example, some people 
prefer to express their concern through comments and complaints in social media or by 
writing to the local authority, the DOE. Avoidance of local food consumption is the 
second most popular preventive action (13 per cent) undertaken by the sample, followed 
by reduction in outdoor activities (12 per cent), expenditure of health (8 per cent) and 
moving out (6 per cent) of the perceived affected area. Drinking a lot of water and/or 
eating fruits (5 per cent) are seen as options to reduce the perceived impacts, as they 
believe water and fruits can neutralise their body systems from being seriously affected. 
                                                          
82 The estimated values given by the respondents were used, but whether they have included the cost of 
water consumption in terms of boiling time, purchasing bottled water or filtering water using the water 
filter are uncertain.  
83 Originally, these people lived in the affected area. However, after the establishment of LAMP they 
have migrated to the non-affected areas. As the non-affected area and an online survey method was also 
used in data collection, these migrated families could fill up the survey form. They have clearly stated that 
the reason for their migration was the fear of environmental impacts of LAMP. 
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Also, five people avoided passing through LAMP area and found other roads as an 
alternative. A very small number (2 per cent) of participants adopted other methods. 
The range of cost per household is given from the lowest to the highest value. Total 
averting expenditure that was undertaken by the ninety-seven respondents is RM31,496 
(≈$7,645) for the recurring costs and RM208,993.4 (≈$50,726) for the one-off costs. In 
other words, with the exception of migration cost,84 .052 per cent (RM2.258≈$.55) of 
household income has been spent every month to reduce exposure from LAMP 
pollution.85 For comparison, Table 5.3 presents the estimates of averting expenditure from 
other studies. Note that the comparison is for illustrative purposes because these studies 
are different in terms of type of environmental pollution, the severity of the pollution and 
respondents’ backgrounds.   
Table 5.3 Estimates of averting expenditure from the previous study 
Authors Monthly cost 
Harrington et al. (1989) $33.9 - 107.7/person 
Abrahams et al. (2000) $3.92/person 
Um et al. (2002) $.7 - 6.1/household 
The estimate of $.55 per household on a monthly basis is below the range of estimations 
reported in other studies. However, low currency values of Ringgit Malaysia may result 
in the estimates became small as compared to US dollars. The environmental impacts are 
also expected to occur in the future, while for the previous studies the community were 
experiencing the perceived and/or environmental problems, thus motivated them to 
undertake protective action to avoid the pollution. Also, as the cost of migration is 
excluded in this estimation, the costs incurred become lower than the range of previous 
studies. 
The highest cost incurred by the respondents comes from migration because the cost of 
moving is not cheap, especially if they move out from the state with their whole family. 
The second-highest cost comes from the protests because many people had participated 
in this activity, and those who have higher income yield higher opportunity cost. The 
results reveal that only 18.3 per cent of averting behaviours have been undertaken by the 
respondents. The percentage of AB is small; however, taking actions and incurring costs 
                                                          
84 Migration cost is excluded here because it is a one-off cost and represents the maximum cost incurred. 
The interest is in the recurring cost to see how much people are spending to avoid the exposure so that 
something can be done to reduce it. 
85 Pahang state value of mean monthly income (RM4, 343 ≈ $1,054) is used to calculate the above 
percentage instead of the country’s value as it does not reflect the local conditions (RM6,141≈ $1,490). 
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in the present time while the perceived impacts are expected to occur in the future, shows 
the concern and value people put on the quality of their environment. Abdalla et al. (1992) 
also found a small number of people (17 per cent) undertook protective actions because 
a large number of them were not aware of the environmental contamination problem and 
of those who were aware of it, less than half of them took protective actions.  
Some costs borne by certain individuals are greater than the annual cost per person 
(RM27.096 ≈ $6.58) in the sample—for example, travelling costs to Sydney for 
demonstrations and bringing the case to local courts. Also, according to information given 
by the informants—the chairman of the anti-Lynas group and a house developer—some 
locals (referring to their friends and customers) closed down or changed their work place 
(food truck), or sold their house or undeveloped land to developers. However, these costs 
are excluded because the individuals that had taken the costs were difficult to trace.  
There is also a certain group of people (44 people) who objected to the establishment of 
LAMP. However, due to some constraints, they were unable to undertake any actions to 
express their dissatisfaction. For instance, the protest location was far from their 
residential area; they were not medically fit (especially the senior citizens); students and 
government servants (who were prevented from joining protests because the project was 
approved by the government); people afraid of negative consequences (being jailed) 
because they had large families to feed; and people who felt that their actions have no 
effect on LAMP such as an old lady or a villager.  
The above discussion only explains the direct cost borne by the local residents. What 
about the indirect costs? Will third party such as fishermen or those involved in the local 
food industry86 be affected by the actions undertaken by consumers? Informal interviews 
were conducted with the main players in the fishing industry in the affected area. There 
are only two groups of small-scale fishermen: one is against the establishment of the plant, 
and the other is in favour of LAMP. The first group conducted their businesses in a 
traditional way where selling and buying took place as soon as they arrived in a port. The 
selling price is flexible as it depends on the individuals and how many aquatic species 
they brought back from the sea. The second group is more systematic as they have a well-
established fresh market and the market is organized by a representative appointed by the 
                                                          
86 According to the East Cost Economic Region Development Council (2013), the fishing industry plays a 
major role in Kuantan’s economy. Kuantan is well known for its dried fish crackers and salted fish. Food 
stalls selling various types of seafood are also popular in this area. Thus, avoiding consumption of local 
food products may affect those involved in this industry. 
132 
 
group. Because these two group have a different structure, the first group was interviewed 
in a group of nine people, while for the second group, the interview was conducted with 
the representative.  
Interviews from these groups revealed opposite findings. Both groups stated that their 
daily profits were not affected by the activities of the company or by the locals’ perceived 
negative environmental impacts. In fact, they mentioned that the quantity of fish 
demanded was more than the quantity that they were able to supply. One of the reasons 
for this is high demand from the local food stalls that operate throughout the day and into 
the late evening. A large number of industries is also one of the factors that has 
contributed to the increased demand for food.  
 
5.4.3 What are the effect of actual pollution (an objective measure) and perceived 
pollution (a subjective measure) on averting behaviour? 
 
People change their behaviours with respect to pollution exposure (Mu and Zhang, 2014; 
Mansfield et al., 2006; Bresnahan et al., 1997). According to Li and Ferreira (2015), 
pollution is a better measure of AB because they find that people are rational and did not 
change their actions based on their perceptions. However, some studies found a 
significant relationship between perception and averting behaviour (Abrahams et al., 
2000; Abdalla et al., 1992; Smith and Desvousges, 1986). Um et al. (2002) discovered 
that a person is willing to pay higher money ($4.2–6.1/month) to improve their perceived 
tap water quality compared to a reduction in suspended solid concentration ($0.07–
1.7/month). Lanz and Provins (2014) also found significant impact of subjective measure 
on AB, and insignificant impact of objective measure on AB. 
Information about pollution is one of the factors that may affect people’s behaviours. 
Smith and Desvousges (1986) found that increased information regarding water 
contamination had influenced people to purchase bottled water. Abrahams et al. (2000) 
also discovered that the use of a water filter was determined by information received 
regarding the contamination event. Informed people were more likely to pay more than 
uninformed people (Sattar et al., 2007). However, there is no clear relationship whether 
information has a positive or negative impact on the dependent variable because the 
information may contain the benefits or costs of LAMP. Education may play a role in 
affecting AB because having education was found to increase the probability of treating 
water (Nauges and Berg, 2009). Different levels of education may have a different effect 
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on the dependent variable because educated people were more likely to pay more money 
(Haq, Mustafa and Ahmad, 2007) and use expensive methods (Khan et al., 2010; Sattar 
et al., 2007) to treat their water compared to less-educated people.  
Income is associated with purchasing power and, hence, may affect the AB (Lanz and 
Provins, 2014; Onjala, Ndiritu and Stage, 2013). If people have a higher income, they are 
able to purchase more goods or expensive goods compared to lower-income people. A 
study conducted by Khan et al. (2010) revealed that rich people were more likely to use 
electric filters (an expensive method) than poor people. Also, due to different levels of 
income, people will purchase goods that are within their budget constrain. For instance, 
an income variable influenced the decision to purchase bottled water (a cheaper method), 
but not the decision to install water treatment (Vásquez, Mozumder and Franceschi, 
2015).  
Gender is also expected to have a different effect on AB (Lanz and Provins, 2014; Onjala, 
Ndiritu and Stage, 2013). According to Sattar et al. (2007), females were more likely to 
use boiling and ordinary and electric filters as compared to males. Nevertheless, there is 
no prior expectation regarding the impact of gender on the dependent variable. Age was 
found to be a significant variable in affecting people’s behaviours (Lanz and Provins, 
2014; Abrahams et al., 2000). According to Smith and Desvousges (1986), purchase of 
bottled water was determined by younger age. Nevertheless, Um et al. (2002) found that 
older people were willing to spend more money to protect themselves against pollution.  
Unhealthy persons may undertake AB to reduce exposure from pollution. Bresnahan et 
al. (1997) found that those who experienced the health effects of smog were more likely 
to undertake AB by reducing time spent outdoors than those who did not. Mansfield et al. 
(2006) also suggested that in the presence of poor air quality, asthmatic children reduced 
their time spent outdoor. However, young people in the sample are more concerned about 
the adverse environmental and health impacts of the plant, and hence may spend more 
money than the older people. Abrahams et al. (2000) revealed that race was a significant 
determinant in purchasing bottled water in his study. It is expected that the non-Malay 
community (as discussed in 5.4.1) are more likely to incur some costs to avoid exposure 
from pollution. Finally, trust in a company (or lack thereof) may affect people’s actions 
to ensure their safety. Smith and Desvousges (1986) found that when people have low 
confidence in water quality, they were more likely to purchase bottled water.  
134 
 
Therefore, the relationship between AB and other variables can be estimated using the 
following equations: 
1: 𝐴𝐵 = 𝑓(𝐶𝑂, 𝑁𝑂2, 𝑆𝑂2, 𝑃𝑀10, 𝑖𝑛𝑓𝑜, 𝑒𝑑𝑢, 𝑌, 𝑔𝑒𝑛𝑑𝑒𝑟, 𝑎𝑔𝑒, ℎ𝑒𝑎𝑡ℎ, 𝑟𝑎𝑐𝑒, 𝑡𝑟𝑢𝑠𝑡) 
2: 𝐴𝐵 = 𝑓(𝐺𝐿𝐶, 𝑖𝑛𝑓𝑜, 𝑒𝑑𝑢, 𝑌, 𝑔𝑒𝑛𝑑𝑒𝑟, 𝑎𝑔𝑒, ℎ𝑒𝑎𝑡ℎ, 𝑟𝑎𝑐𝑒, 𝑡𝑟𝑢𝑠𝑡) 
3: 𝐴𝐵 = 𝑓(𝐴𝑃𝐼, 𝑖𝑛𝑓𝑜, 𝑒𝑑𝑢, 𝑌, 𝑔𝑒𝑛𝑑𝑒𝑟, 𝑎𝑔𝑒, ℎ𝑒𝑎𝑡ℎ, 𝑟𝑎𝑐𝑒, 𝑡𝑟𝑢𝑠𝑡) 
4: 𝐴𝐵 = 𝑓(𝑝𝑒𝑟𝑐𝑒𝑝𝑡) 
Equation 1 shows that AB is determined by LAMP individual components of air pollution 
emissions and other variables. Equation 2 estimates the impact of the ground level 
concentration (GLC) and other variables on AB. GLC is correlated with the individual 
components of air pollution because individual components of air pollution data are the 
input to calculate the GLC, and thus is estimated in the second equation. Equation 3 shows 
that in addition to the other variables, the air pollution index (API) may have an influence 
on AB. API refers to the surrounding pollution produced by all industries, including 
LAMP. Thus, API is correlated with LAMP individual components of air pollution and 
the GLC value, and hence is estimated separately. API is included in the estimation 
because people may take protective actions due to their poor surrounding air quality and 
not because of LAMP emissions.  
Lastly, people’s behaviour may be driven by their perceptions. Individual components of 
air pollution is found to be a significant determinant of perception (see Chapter 4). Even 
though GLC is not significant in influencing people perceptions (see Chapter 4), 
individual components of air pollution are an input to calculate GLC, and thus they are 
correlated with each other. Therefore, the inclusion of these two variables may cause a 
multicollinearity problem and affect the estimation. As API is correlated with both 
individual components of pollution and GLC, it is not included in this equation. The other 
variables that are included in the previous three equations are also not included here 
because they have a significant impact on perception as discussed in the previous chapter. 
Based on the classification given in a PCA, a perception variable is divided into two 
categories: direct (percept1) and indirect (percept2) impacts.  
Description and expected signs of the variables are listed below. 
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Table 5.4 Description of variables 
Variables Description                                                     Exp.sign 
AB 1=A decision to take preventive action/s  
 0=A decision not take preventive action/s  
SO2 Sulphur dioxide in µg/ m3 + 
NO2 Nitrogen dioxide in µg/ m
3 + 
CO Carbon monoxide in µg/ m3 + 
PM10 Particulate matter 10 in µg/ m3 + 
GLC Ground level center line concentration in mg/m3 + 
API Air pollution index based on average concentration of SO2,  + 
 NO2, CO, O3 and PM10  
Percept1/2 1= perceived high-levels of direct/indirect environmental  + 
      impacts  
 0= perceived low-levels of direct/indirect environmental   
      impacts  
Info 1= Information from more than one source +/- 
 0= Information from one source, either pro or anti-Lynas   
      group  
Edu  Education:  + 
 Secondary = 1 if secondary and 0 otherwise  
 Tertiary = 1 if tertiary and 0 otherwise  
 Base: Primary  
Y Income in Ringgit Malaysia (RM) per month:  + 
 Lower middle (1,501-3,500) = 1 if lower middle and   
 0 otherwise  
 Upper middle (3,501-10,000) = 1 if lower middle and   
 0 otherwise  
 High (10,001+) = 1 if high and 0 otherwise  
 Base: low (Below 1,500)  
Gender 1=Male, 0=Female +/- 
Age Age in terms of years +/- 
Health Health status: +/- 
 Fair = 1 if fair and 0 otherwise  
 Good = 1 if good and 0 otherwise  
 Base: Poor  
Race 1=Non-Malay, 0=Malay + 
Trust 1= Trust on LAMP’ waste management, 0=No trust - 
Table 5.5 shows the marginal effects of the independent variables. None of the individual 
components of pollution variables is significant in affecting AB. This means that people 
did not respond based on pollution exposure. The possible reason for this is that LAMP 
emissions for these pollutants, as discussed in Chapter 4, were below the limit set by the 
authority, and hence may not be noticeable by the locals. The ground level concentration 
is also insignificant because the concentration level was small, where GLC at 1 km from 
LAMP was only about 1/100,000th of the amount emitted (see Chapter 4 for a detailed 
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formula). Equation 3 shows that the air pollution index is statistically significant variable 
in influencing AB. This finding indicates that a combination of all pollution from various 
industries was a significant factor that motivated people to undertake preventive actions, 
and was not solely due to LAMP emissions because LAMP emissions are not statistically 
significant in affecting people’s behaviours. Meanwhile, equation 4 reveals that 
perceptions (direct perceived environmental impact)87 also affect people’s behaviours to 
take actions. 
Table 5.5 Effects of LAMP pollution, industries’ pollution and perception on AB 
Variables Equation 1 Equation 2 Equation 3 Equation 4 
CO .000    
 (.000)    
NO2 .023    
 (.017)    
SO2 -.264    
 (.359)    
PM10 .000    
 (.002)    
lnGLC  -.024   
  (.026)   
lnAPI   .158**  
   (.070)  
Percept1    .060** 
    (.031) 
Information  -.045 -.047 -.034  
 (.032) (.033) (.032)  
Education     
Secondary .036 .035 .035  
 (.050) (.050) (.050)  
Tertiary .095 .095 .095  
 (.059) (.059) (.059)  
Income     
Lower middle -.044 -.040 -.041  
 (.040) (.040) (.040)  
Upper middle -.012 -.008 -.015  
 (.051) (.051) (.050)  
High .133 .131 .115  
 (.103) (.103) (.100)  
Gender .053 .053 .052  
 (.033) (.033) (.032)  
Age -.001 -.002 -.001  
                                                          
87 Percept2 or indirect perceived environmental impact was regressed, but the result is not significant due 
to the nature of the impacts that cannot be directly linked to the source of pollution. The respondents 
acknowledged it is not easy to answer indirect questions. Some of them took a longer time while 
answering the indirect questions as compared to the direct ones. 
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 (.001) (.001) (.001)  
Health     
Fair .116 .112 .105  
 (.100) (.103) (.105)  
Good .048 .043 .039  
 (.098) (.100) (.103)  
Race .122*** .113 .129***  
 (.033) (.035) (.033)  
Trust -.135* -.146 -.133*  
 (.080) (.080) (.079)  
n 570 570 570 570 
Pseudo R2 .094 .092 .100 .007 
Log Likelihood -235.439 -236.122 -233.775 -258.149 
        Note: *p < 0.1; **p < 0.05; ***p < 0.01. Standard errors are in parentheses. 
These results show the significance of the subjective measure and the insignificance of 
the objective measure in explaining people’s behaviours with regards to environmental 
issues. These results are consistent with previous studies showing that perception is a 
significant variable in affecting AB (Vásquez, Mozumder and Franceschi, 2015; Onjala, 
Ndiritu and Stage, 2013; Nauges and Berg, 2009; Abraham et al., 2001; Abdalla et al., 
1992; Smith and Desvousges, 1986), but not the pollution variables (Um et al., 2002). 
 
5.4.4 What is the magnitude of averting behaviour? 
 
To measure the intensity of AB, averting expenditure (AE) is applied for equations 3 and 
4 because the air pollution index and perception are significant in influencing AB. Due 
to the nature of the survey data collected where many respondents did not incur any 
expenditure (zero cost) while some of them incurred positive costs, thus a tobit model is 
used to analyse these two equations. The results are presented in Table 5.6. 
Table 5.6 Magnitude of AB 
Variables Equation 3 Equation 4 
lnAPI .471*  
 (.289)  
Percept1  .374** 
  (.158) 
Information -.131  
 (.149)  
Education   
Secondary -.038  
 (.280)  
Tertiary .177  
 (.317)  
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Income   
Lower middle .025  
 (.180)  
Upper middle .036  
 (.228)  
High .728  
 (.455)  
Gender .284*  
 (.154)  
Age -.015**  
 (.007)  
Health   
Fair  .428  
 (.565)  
Good -.012  
 (.558)  
Race .551***  
 (.156)  
Trust -.726**  
 (.359)  
n 569 569 
Pseudo R2 .062 .007 
Log Likelihood -388.954 -411.701 
Note: *p < 0.1; **p < 0.05; ***p < 0.01 and standard errors are in parenthesis. 
The marginal effects given by equations 3 and 4 explain for those who have incurred 
positive expenditure. Specifically, equation 3 indicates that one per cent increases in the 
air pollution index, the respondents will incur 47 per cent in additional expenditure. Males 
and non-Malays will spend the additional 28 and 55 per cent, respectively, compared to 
females and the Malays. On the other hand, those who did not trust Lynas will incur 73 
per cent additional costs as compared to those who trusted the company. Also, if the 
respondents are older by one year, they will incur one per cent reduction in expenditure. 
Meanwhile, equation 4 reveals that those who have incurred positive cost and perceived 
high environmental impact associated with LAMP will have 37 per cent additional 
expenditure compared to those who perceived low impact levels. 
 
5.5 CONCLUSION AND POLICY IMPLICATIONS 
 
To sum up, only a small number of respondents has undertaken AB. Nevertheless, since 
the perceived environmental impacts are expected to be serious in the future, protective 
actions undertaken in the present indicate people’s concern and value that they put on the 
environmental quality. AB has a few forms, namely protest (although it has a caveat as 
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mentioned elsewhere), reduction in food consumption, reduction in outdoor activities, 
health expenditure, consumption of water and fruits, avoidance of LAMP area, migration 
and other forms. 
AB are associated with costs totalling approximately $58,371. In other word, about .062 
per cent (with the exclusion of migration costs) of household monthly income have been 
channelled to avoid LAMP’s adverse environmental impacts. Also, it is found that 
respondents’ actions of reducing consumption of local goods did not affect the well-being 
of others, particularly third parties such as a group of fishermen, because the perceived 
negative impacts are expected to occur in the future. Thus, only a small number of 
participants undertook this action that consequently had no effect on the fishermen’s 
earnings.  
In addition, findings in this chapter reveal that LAMP pollution emissions have no impact 
in influencing humans’ behaviours. However, it is found that some people chose to take 
action while some chose not to, depending on the air quality in their surroundings. Poor 
air quality faced by the respondents was a significant factor that motivates people to take 
actions. It is also discovered that people’s perceptions are a significant determinant of 
AB, indicating the subjective measure is a good indicator to analyse humans’ behaviours 
as compared to the objective measure. In addition, those who perceived high-levels of 
environmental impacts, being exposed to poor surrounding air quality and being non-
Malays will incur additional cost if they have incurred positive expenditure. The costs 
incurred may increase or remain the same as time goes by, depending on people’s 
perceptions and the surrounding air quality.  
Given these findings, Lynas Company and the authorities have to find ways to 
communicate with the locals to reduce their fear because pollution data show low impacts 
on the environment. However, because this information is not available or accessible to 
the public, thus they relied on their perceptions and took unnecessary actions to avoid 
their perceived pollution. Also, the authorities have to improve current environmental 
quality by implementing a better policy to reduce overall pollution as API is found to be 
an important variable in affecting AB. Data provided by all industries should be made 
accessible to the public so that people can behave rationally according to the actual 
pollution data.  
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CHAPTER 6 
 
THE IMPACT OF PERCEPTION ON PROPERTY PRICES 
 
6.1 INTRODUCTION 
 
Kuantan, where LAMP is located, is one of the top ten largest cities in Malaysia (Saudi 
et al., 2014). Kuantan is known for industrial activities and thus has well-established 
infrastructure and facilities (Zandi et al., 2011). According to Rostam (2000), there are 
various types of industries in Kuantan, ranging from small (such as furniture and wood 
processing, food and beverage production and rubber production) to large-scale industries 
(such as the petrochemical industry). Given the presence of these various industries, they 
offers various job opportunities for the local people. Kuantan is also a well-known 
tourism destination, and tourism is one of its major economic activities (East Coast 
Economic Region, 2014). For instance, beaches (namely, Teluk Cempedak, Batu Hitam, 
Balok and Cherating), waterfalls (for example, Sg. Pandan Waterfall, Sg. Berkelah 
Waterfall and Jerangkang Waterfall) and parks (such as the Gelora Park, Teruntum Mini 
Zoo and Agriculture Park) are some of the attractions for tourists.  
Property prices in Kuantan might increase with the proximity and existence of good 
amenities (beach scenery and parks). However, the establishment of LAMP and the 
existing industries may also reduce property values in the area due to deterioration of 
environmental quality. Some locals and the anti-Lynas group (the Green Coalition) have 
alleged that property prices have fallen (Malaysia Today, 2012; Aurora, 2011) due to fear 
of chemicals and radioactive contamination from LAMP (Chong, 2011). However, the 
Minister of International Trade and Industry responded to the concerns expressed by the 
anti-Lynas protestors by stating that no such drop in the property prices has occurred 
(Sean, 2016).  
The Minister of Pahang State also assured the locals that the property values in Kuantan 
will not be affected negatively, and in fact they have risen despite negative news about 
LAMP (Bernama, 2012). In addition, the Minister stated that there is no report of anyone 
selling their properties because of LAMP. He announced that if people want to sell their 
properties, the state government is keen to buy them for a development of various 
projects. The logic behind the statement is that since Kuantan has various industries, 
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supported with facilities and infrastructure, job creation may increase individual demand 
for houses, which is reflected by an increase in house prices (Bernama, 2012). 
Given the prevalence of these contradictory views, this chapter aims to analyse the impact 
of the establishment of LAMP on house prices. The impact on house prices may be driven 
by the actual level of pollution produced by LAMP or by people’s perceptions of that 
pollution. Therefore, this chapter examines the impact of LAMP pollution (as an objective 
measure) and people’s perceptions (as a subjective measure) on house prices. Both 
secondary and primary data are employed and analysed using ordinary least-square (OLS) 
and/or difference-in-difference (DID) methods. This chapter is organised as follows: it 
starts with the background of the residential sector and a review of literature to find the 
gap in the previous studies, to construct the objective of this chapter. It then explains in 
detail the data and methods used. It also discusses the analyses using both secondary and 
primary, and ends with conclusion. 
 
6.2 BACKGROUND TO THE RESIDENTIAL SECTOR 
 
The property market in Pahang State is categorised into four sub-sectors: agricultural, 
industrial, residential and development properties (Valuation and Property Services 
Department, 1980-2015). This chapter focuses on the residential sector, because it is the 
most actively transacted sector, and in recent years residential property has come to 
constitute about sixty per cent of the whole sector. In the 1980s, transactions in the 
residential property market were not frequent due to a recession. To increase demand and 
supply of houses, the state government introduced a policy for banks and financial 
institutions to provide full loans for low-cost houses, and also teamed up with private 
companies to provide low- and medium-cost houses (in 1982/83). Nevertheless, 
residential prices kept declining for the following five years due to prolonged recession 
and over-supply of residential property in the market (from 1984–1988).  
From 1989 to 1997, economic conditions gradually became better and stronger than the 
previous years, with an increase in gross domestic product (GDP). Residential property 
during these years dominated all the sub-sectors, and loans as well as deposits from the 
financial market were increased. Purchasing power increased with the improvement of 
overall economic conditions. The residential property market was stable, with strong 
demand for single-terraced, low- and medium-terraced houses. The state government also 
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provided more affordable houses (costing less than RM100,000 ≈$24,272).88 In 1995/96, 
residential property in Kuantan was the most active sector, scoring the highest in total 
number of transactions, with single-terraced houses emerging as the most popular house 
demanded. 
In 1998, an economic crisis occurred, which reduced liquidity as the banking sector 
became cautious in granting loans. The total number of transactions and the value of 
residential property dropped, but still remained active compared to the other sectors. 
However, during 1999–2001, there was positive GDP growth and both the number of 
transactions of residential property and its value increased. This demand was centred in 
Kuantan. Terraced houses (single and double) were the most sought after due to price 
affordability. In 2002, the state government revoked its subsidy scheme for low-cost 
housing, which was introduced in 2001. This resulted in reduced number of transactions. 
However, the market was reactivated with the introduction of a stamp duty waiver. In 
2003–2004, the transaction volume and value of residential property increased. Demand 
for residential property continued at the same level for property below RM100,000. 
However, for the following two years (2005–2006), there was a reduction in the number 
of transactions and value of residential property. Even then, residential property 
continued to dominate the market share.  
In 2007, the total volume and transaction value of residential property increased compared 
to previous years, and Kuantan was the most active district for these transactions. The 
prices of low cost houses, flats, medium cost terraced and regular terraced houses had 
increased. In 2008, residential transactions and values increased further, with property 
prices below RM250,000 (≈$60,680) emerging as the most popular choice. In 2009, there 
was a drop in volume and value of residential property transactions. However, in Kuantan, 
the prices of single- and double-storey terraced houses in certain locations had increased. 
From 2010–2012, there was an increase in the volume and value of residential property, 
particularly of single and double storey terraced houses in selected areas. In 2010, some 
of the house prices increased due to the opening of the Kuantan–Sg Soi Bypass, as well 
as along the Semambu Bypass due to proximity to the East Coast Highway or to Kuantan 
town. Property prices increased in Kuantan due to good accessibility and upgrading of 
infrastructure.  
                                                          
88 US$1=RM4.12, as of 29 September 2016. 
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In 2011, some house prices increased due to the upcoming development of public 
facilities, proximity to schools or highway interchange, and opening of the Tunas Manja 
Supermarket. In 2012, some selected houses increased in prices because of relocation of 
government offices to that area to mitigate density of the existing town. In 2013–2014, 
the residential volume gradually reduced, but the value increased. There were reductions 
of 2.3 and 9.9 per cent in property market volume in 2013 and 2014, respectively, 
compared to the previous year. However, residential property remained the leading sub-
sector, accounting for 61.1 per cent (in 2013) and 59.6 per cent (in 2014) of market share. 
The residential prices were stable with upward trends in certain areas, especially nearby 
towns, within vicinities of higher learning institutions, commercial centres or highway 
interchanges. In 2015, the residential market saw a rebound with an increase in transaction 
numbers and volumes. The price of residential property has seen an upward movement.  
Based on the background of a residential sector in the early 1980s–2000s, it showed that 
there were some government interventions to boost household demand for housing 
because of economic problems. However, in the following years until 2015 there was no 
role for government to improve the housing market, even though there was a drop in 
volume and value in 2009. This indicates that the residential market adjusted its price 
according to demand and supply from the households. 
  
6.3 LITERATURE REVIEW 
 
A large number of studies has employed the hedonic pricing method (HPM) using 
property markets to measure the impact on house prices of positive or negative 
externalities on the environment. A typical HPM uses objective measures such as actual 
pollution data or a distance from site variable (as a proxy for pollution) to measure 
environmental impacts on property values. Iman et al. (2009), for example, studied the 
effect of river water and noise pollution on housing prices in Johor, Malaysia. Linear 
regression analysis found that houses affected by water and noise pollution were sold at 
lower prices as compared to the unaffected houses, ceteris paribus. Chiarazzo et al. 
(2014), examined the specific effect of carbon monoxide (CO) on real estate prices in the 
industrial cities of Taranto province, Italy. Regression results suggested that an increase 
in the quantity of CO had a significant negative effect on real estate values. 
However, ‘distance from the site of emissions’ was commonly used in the literature 
because of data availability. Previous studies showed that proximity to point-source 
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pollution reduced property prices (Neelawala et al., 2012; Davis, 2011; Brasington and 
Hite, 2005; Batalhone et al., 2002; Hite et al., 2001). Deaton and Hoehn (2002) found that 
an increase in distance from hazardous waste sites was associated with higher housing 
prices when analysing the effect of hazardous waste sites on housing sales in the highly 
industrial areas in Lansing, Michigan. However, they revealed that the ordinary least 
squares (OLS) results became insignificant with the inclusion of an industrial zone in 
their estimation. This was because an industrial zone produced various disamenities (e.g., 
noise, traffic congestion and risks to life due to heavy transportation accidents), which 
constituted a portfolio of risks and hazardous sites were likely to be an element in this 
portfolio. Their results suggested that increased distance from industrial sites had a 
significant positive effect on sale prices, and failure to take into account the impact of 
industrial activities overstated the impact of hazardous waste sites on property values.  
Some studies emphasised the impact of a specific distance from the polluting site. De Vor 
and De Groot (2011) examined the impact of industrial sites on residential property values 
in the Netherlands during 2005. Their regression results showed that industrial sites 
reduced housing prices up to a certain distance (1,093m). The selling price for houses 
close to an industrial site (within 250 metres) was 14.9 per cent less than the house prices 
located far away (beyond 2,250 metres). This study revealed that the effect was largely 
localised within a short distance from the nearest industrial sites. Das and Roy (2014), 
who included both positive (job creation) and negative (pollution produced) impacts of 
the Cachar Paper Mill (CPM) on property values in India, also found that rents rose with 
the increase in distance from the CPM. However, after a certain distance (known as the 
optimum distance, 8 kms), property values fell again because they were so far from the 
development areas.  
Some studies argued that perception was an important determinant in making decisions 
to purchase a house (Buonanno and Montolio, 2012). According to Berezansky et al. 
(2010) people used their personal perceptions in acquiring a property rather than relying 
on objective data. This is possibly because data on factors influencing housing prices, 
such as neighbourhood characteristics and environmental quality, may not be observable 
and not easily interpreted, even if it is available (Poor et al., 2001). Perception-based 
analysis (which is subjective) is relatively scarce compared to measured pollution (which 
is objective) because its data collection is time-consuming and costly, as researchers have 
to go to the field and collect them from respondents. Further, the objective measure is 
also preferable for policy making purposes (Baranzini et al., 2010). Nevertheless, it is 
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acknowledged in the literature (Freeman III et al., 2014; Hanley and Barbier, 2009) that 
a common problem associated with the traditional HPM is that people’s perceptions or 
expectations may affect the property prices, but cannot be estimated in the model. 
Therefore, some studies used perception in their estimation. 
Kohlhase (1991) for example, studied people’s perceptions using announcement time to 
examine the effect of the superfund legislation (remediation of toxic waste sites) 
announcement made by the Environmental Protection Agency on housing prices in 
Houston, United States. After the announcement was made in 1985, there was a 
significant reduction in housing prices due to consumers’ perceptions of the potential 
hazard of being located close to the sites. Nevertheless, before the announcement year, 
the toxic waste sites had no effect on or anomalous results89 relating to property prices in 
1976 and 1980 respectively. Also, McCluskey and Rausser (2001) analysed the effect of 
hazardous waste sites on U.S property values from 1974 to 1995. However, the perceived 
risks were unobservable in this study, and were estimated from the observable variables 
such as housing prices and attributes, distance to waste sites and media coverage using 
the generalised maximum entropy method. Their results revealed that perceived high risk 
reduced property values, and that the media influenced changes in risk perception.  
In recent years, a few studies have combined the use of perceived (subjective measure) 
and measured (objective measure) pollution into the HPM because the literature showed 
that objective and subjective measures (estimated separately by many studies) were 
significant in affecting house prices. Thus, they tried to find out what the result would be 
with the inclusion of both measures in the estimation. Some studies found that subjective 
and objective methods provided similar results in explaining the variation of property 
values (Baranzini et al., 2010). However, there has been no absolute agreement on this 
finding because other studies revealed different findings. Some studies suggested that 
objective was a better method compared to subjective (Poor et al., 2001; Kiel and 
McClain, 1995), while some believed the opposite (Chasco and Gallo, 2013; Berezansky 
et al., 2010). 
In particular, Baranzini et al. (2010) compared the price impacts of perceived and 
measured noise in Switzerland. Their results using a spatial generalised method of 
moments and a maximum likelihood were similar with an OLS in terms of stability of the 
                                                          
89 He found unexpected results because distance to toxic site had a significant negative impact on prices, 
while toxicsquare had a significant positive impact that were contradicted the priori expectations.  
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coefficients across the models and the significance of the independent variables. Noise 
variables, both in objective measure (daytime road traffic noise and day-night noise 
index) and subjective measure (measured using likert scale: no noise, small, moderate, 
important and very important) were statistically significant, and an increase in these 
variables reduced rents (by 0.197–0. 242 per cent). The coefficients of noise variables in 
the objective measure was slightly lower than the coefficient in the subjective measure. 
Nevertheless, equality tests showed that the coefficients were not statistically different, 
showing that there was no difference between implicit prices of noise obtained in both 
methods (through subjective and objective data).  
In contrast, Poor et al. (2001) discovered that the objective measure was better than the 
subjective measure. Their study focussed on water clarity of freshwater lakes in Maine 
using sale price data during 1990 to 1995. Objective water clarity was measured using 
Secchi disk readings, while subjective water clarity used a qualitative ranking on 
visibility. A correlation test showed both measures were significantly different from zero. 
They also found that the implicit price for subjective measures exceeded objective water 
quality up to 43 per cent due to people’s tendency to underestimate water clarity. A non-
nested, J-test revealed that the objective measure outperformed the subjective measure in 
predicting the changes in sale prices.  
Kiel and McClain (1995) reported similar findings to Poor et al. (2001) when they studied 
the effect of incinerator siting on housing appreciation rate in North Andover, 
Massachusetts. Perception here was measured using five time periods: pre-rumour 
(rumour about the establishment of incinerator, 1974–1978), rumour phase (1979–1980), 
construction (1981–1984), operation (1985–1988) and final period (1989–1992). They 
found that there were no effects on the price appreciation rate before and during the time 
when the site was rumoured, and during the construction period. However, when the 
operations began, there was a positive relationship between property prices and the 
increase in distance. This study revealed that property prices were affected by actual 
pollution emission during operation and not because of perceived pollution spread by 
rumours. 
Berezansky et al. (2010), on the other hand, found a different result when they 
investigated the effect of air pollution on prices of 926 apartments from 1998 to 2007 in 
the Greater Haifa Metropolitan Area in Israel. They used a multiple regression method to 
estimate equations in both methods separately and simultaneously, and they found that 
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combining these measures in one equation resulted in objective pollution estimation 
becoming less significant, while the subjective became highly significant. This reflected 
that subjective measures performed better in explaining the variation in market prices. 
Chasco and Gallo (2013) supported the findings of Berezansky et al. (2010). They 
analysed the effect of both air and noise pollution in downtown Madrid. Regression 
results showed that noise and air pollution had significant impacts on housing prices; 
however, their signs were different: negative in the perceived equation, but positive in the 
measured equation. Exploratory spatial data analysis revealed that areas with lower 
perceptions of noise pollution, albeit the pollution index was higher, had higher housing 
prices. This indicated that perception was a good indicator to estimate house prices. In 
addition, they disclosed that people were willing to pay more in the case of high perceived 
risk than measured risks in both air and noise pollution due to other benefits associated 
with it. For example, open spaces and better quality of buildings. 
Hedonic price method was introduced by Lancaster in 1966 and Rosen in 1974 (Hanley, 
2009) and used for about half a century, but studies using both subjective and objective 
measures were small in number (5 studies), and their findings were not consistent. This 
chapter employs both subjective and objective methods to identify the difference, if any, 
between the outcomes of these methods. In addition, there is abundant research on the 
hedonic price of various types of pollution, but no study has been conducted with regards 
to processing rare earth elements, despite its argued significant impacts on humans’ health 
and the environment (Kaiman, 2014; Bradsher, 2013; Burgueño, 2013; Klinger, 2013; 
Buckley, 2010; Hurst, 2010). Therefore, this chapter aims to fill the gap in the literature. 
 
6.4 DATA AND METHODS 
 
6.4.1 Data 
 
6.4.1.1 Secondary data 
 
Two different sets of data are used in the analysis: secondary and primary data (see Part 
4 in Appendix B). Secondary data deal with the sale of 900 houses over a period of nine 
years (2007–2015). These data were provided by the National Property Information 
Centre (NAPIC), except for neighbourhood and environmental characteristics. The data 
were generated from the NAPIC system based on locations and years requested by the 
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researcher and were given in the form of a notepad file. Specifically, Kuantan’s house 
sales from the total of 27,415 units were selected randomly, with a 100 unit sample for 
each year. Within each year, half of the observations come from newly built house sales, 
while the other half come from old house sales.  
Despite being randomly selected, the sample does not represent90 the total houses because 
a chi-square goodness-of-fit test indicates that there is a significant difference in the 
proportion of house type in the current sample (terraced: 75 per cent, detached: 23.9 per 
cent and others: .8 per cent), as compared to the total houses (terraced: 73.6 per cent, 
detached: 23.1 per cent and others: 3.3 per cent), 2(2, n=900) = 17.96, p<.000. The sale 
prices were adjusted for inflation using 2007 as the base year. Data on inflation were 
collected from the Malaysia Informative Data Centre (n.d.). All information regarding 
factors affecting the house prices (independent variables) were given by the local house 
developers.  
Distance from residential houses to the central business district (CBD), schools, clinics, 
mosques, shops and LAMP were measured using a direct-distance measuring tool in 
Google Maps. Information about the Bumiputra area was referred to the surveyed 
respondents, while free-flood area data were provided by the Department of Environment 
(DOE). Data on wind direction were collected from the Lynas environmental impact 
assessment, showing that there are seasonal changes (monsoon) in wind directions. The 
wind blows from the southwest from late May or early June until September, while it 
blows from the east and northeast from early November to March. Google Maps was then 
used to find the location of residential areas based on these wind directions.  
For assessing the values of pollutants, the ground level centre line concentration (GLC) 
and the air pollution index (API) were employed. Data from the continuous emission 
monitoring system in 2014 was used as an input to compute the GLC using the Gaussian 
Dispersion Model (see Chapter 4). These data are assumed to be constant from 2012 
                                                          
90 A random sampling method was used because it gives all possible sample an equal chance to be chosen 
and thus removes bias (Moore and McCabe, 1998) from the selection procedure and results in a 
representative sample (Gravetter and Forzano, 2011). The rules for choosing sample size as suggested by 
Green (1991), Steven (1996) and Tabachnick and Fidell (2007) were met (see Chapter 3). However, it is 
found that the random sampling did not represent the population and in this case, stratified sampling is 
superior to random sampling. 
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onwards.91 API values were sourced from the DOE92 in Putrajaya. As data on distance 
from LAMP and the area where LAMP is located are available, they are also used in the 
estimation to check the consistency of the results. The area variable is classified based on 
geographic location (see Map 3.1 in Chapter 3) where 1 is where LAMP and heavy 
industries are located and 0 is others (where different types of industries are operated). 
LAMP area is important in the analysis because Deaton and Hoehn (2002) found that 
failure to take into account the impact of highly industrial areas overstated the impacts of 
hazardous waste sites because an industrial zone constitutes a portfolio of risks and 
hazardous sites were likely to be one part of this portfolio. LAMP area variable is also 
required in the difference-in-difference method to control for unobservable heterogeneity 
in time invariant and improve estimation in the traditional HPM. 
The secondary data are further divided into two categories: objective and subjective 
measures. The objective measure refers to the actual pollution variables (the GLC) and 
variables that act as a proxy for pollution (LAMP area, distance to LAMP and wind 
direction). Meanwhile, the subjective measure follows Kiel and McClain (1995) and 
Kohlhase (1991) that uses ‘time trend’ or year dummy (2007-2015) to indicate people’s 
perceptions of LAMP due to information circulation. The nine years of data are explained 
in the following (Lynas Annual Report, 2008/9/10/11/12/13/14/15; Lynas Financial 
Report, 2009/10/11/12/13/14/15).  
Year 2007 is the base year, and represents normal market activity. In January 2008, Lynas 
discussed its rare earth project with the business community, and federal, state and 
municipal government officers in Kuala Lumpur and Kuantan. Lynas then received 
approval from the authorities (such as the Department of Environment–DOE,93 the 
Atomic Energy Licensing Board (AELB),94 and Kuantan local council)95 to start 
construction of LAMP in Kuantan. These approvals were viewed by the company as an 
acceptance by the host community. In February 2009, Lynas suspended its project due to 
uncertainty in its financing structure. Up to this suspension period, Lynas had received 
                                                          
91 The GLC measures the worst-case scenario of exposure to LAMP pollution. Thus, it takes the 
maximum values of LAMP pollutants, adjusted with residential distance from the centre line. Residential 
distance, meteorological data (such as surface temperature, wind direction and speed) and stack data 
(such as volume flow rate out of the stack, flow temperature, stack height) that are needed to compute the 
GLC are less fluctuated and are thus assumed to be static.  
92 All data collected from the DOE refer to the DOE located in Kuantan, unless stated otherwise.  
93 The DOE approved the environmental impact assessment made for LAMP project to be located in 
Kuantan. 
94 The AELB approved the siting and construction license of LAMP. 
95 The Kuantan local council approved the development order application.  
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all the authorities’ approval to transport their ore from Western Australia to Kuantan. 
Most of the contracts related to construction had been awarded and contracts with major 
chemical suppliers had been finalised. Site piping and major roads were almost complete. 
In 2010, Lynas used capital raised from the equity market to fund phase 1 of the rare earth 
project, and expected to complete this by end of 2010 and commence operation at the 
beginning of 2011.  
However, in 2011 the company faced challenges from the local community due to 
concerns over the perceived risk of environmental contamination. The concerns arose 
following the tragic radiation incident in Fukushima, Japan, in 2011. In addition to that, 
an issue regarding the possibility of environmental contamination was published in the 
New York Times by Lynas consulting engineers (Bradsher, 2011b, p. b1). This was 
followed by in-depth studies conducted by two chemists from the National Toxic 
Network, Australia and the Öko-Institute V, based in Germany. In response to the 
people’s concerns, the Malaysian government requested an independent review from the 
International Atomic Energy Agency (IAEA) and after completion of its mission the 
IAEA confirmed that Lynas was compliant with international standards. Lynas then 
started to approach more than 3,500 people in the local community, and installed two 
aerosol measuring systems to monitor air quality. In addition to this, Lynas has been 
actively engaged in dialogue with different organisations, such as the Pahang Medical 
Association, the Malaysia Ministry of Health and the Engineers Institute of Malaysia. 
Lynas representatives also appeared on television and social media to address 
‘misconceptions’ about LAMP.  
In February 2012, the AELB approved a Temporary Operating Licence (TOL) for 
LAMP’s operation. In March, the Malaysian government set up a Parliamentary Select 
Committee (PSC) to raise awareness about LAMP. The report from the PSC also 
recommended the issuance of the TOL, as Lynas was compliant with Malaysian and 
international standards. Lynas had resubmitted its radiological impact assessment, 
emergency response plan, waste management plant and safety case, and conceptual 
decommissioning plant to the AELB. In August 2012, phase 1 of the construction of 
LAMP was completed. In 2013, phase 2 was also completed. In 2014, Lynas was granted 
a Full Operating Licence and phase 2 of cracking and leaching, product finishing assets, 
and solvent extraction assets was commenced. In 2015, its production was stable. 
In short, from 2008–2010, LAMP was being constructed, although there was a suspension 
in 2009. During this period, information about LAMP and its possible adverse 
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environmental impacts was not widely known by the public because Lynas only 
approached the main parties related to its project, such as the authorities and contractors. 
However, in 2011, information about LAMP was circulated widely, which led some 
locals to worry and started to protest to express their concerns. From 2012 to 2015, the 
plant started its operation. The nine years of data have their own stories, and thus, may 
affect the fluctuation of prices in the property market.  
There are two areas of interest: an area where LAMP is located (Area1) and a further area 
(Area0). Graph 6.1 shows median sale prices for both areas. Area0 shows an upward trend 
throughout the years. Meanwhile, Area1is more fluctuated as compared to Area0. It 
shows that during the recession period (2008), median sale prices fell in Area1, and 
increased for the following years. Nevertheless, prices dropped again until 2011 and 
gradually rose for the next three years. In addition, house prices in Area1 were generally 
lower than house prices in Area0. The reduction of house prices in Area1 might be 
associated with the establishment of LAMP because Area0 (a control group) is not 
affected by reduction in house prices. However, a detailed analysis using OLS and DID 
is discussed in the later part of this chapter to explain the possible situation.  
Graph 6.1 Median sale prices 
 
            Source: Author’s calculation 
With these facts in mind, Table 6.1 presents summary statistics of sale prices and its 
determinants.  
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Table 6.1 Secondary data: Summary statistics 
Variables Exp. Sign Mean Std.Dev 
Real sale prices (RM)  210531.1 190698.7 
Structure    
Category (=1 if new dwelling and 0 otherwise) + .5 .5 
Status (= 1 if freehold and 0 otherwise) + .77 .421 
Type (= 1 if detached and 0 otherwise) + .239 .427 
Material (= 1 if concrete bricks and 0 otherwise) - .775 .417 
House size (sqm) + 102.39 54.431 
Lot (sqm) + 203.56 221.817 
Number of bedroom (unit) + 3.174 .556 
Number of bathroom (unit) + 2.104 .465 
Number of car can be parked (unit) + 1.163 .449 
Finishing (= 1 if tile and 0 otherwise) + .893 .309 
Neighbourhood    
Distance to CBD (km) - 16.225 13.53 
Distance to schools (km) - 1.926 2.338 
Distance to clinics (km) - 3.449 5.231 
Distance to mosques (km) +/- 1.645 2.236 
Distance to shops (km) - 2.287 2.996 
Bumi96 (= 1 if live in a Bumiputra area and 0 
otherwise) 
- 
.372 .484 
Floodfree (= 1 if live in a flood free area and 0 
otherwise) 
+ 
.775 .417 
Environment    
Area (=1 if located in LAMP area) - .501 .5 
Distance from LAMP (km) + 22.134 11.209 
Wind (1= wind blowing area)97 - .283 .451 
GLC (mg/ m3) - .28 .5 
API (air pollution index)98 - 44.032 11.036 
Year dummy    
Y_2008 +/-   
Y_2009 +/-   
Y_2010 +/-   
Y_2011 -   
Y_2012 +/-   
Y_2013 +/-   
Y_2014 +/-   
Y_2015 +/-   
 Total number of observation is 900. 
                                                          
96 Malay race and indigenous people are known as Bumiputra. They have their own privileges stated in 
the constitution of Malaysia. One of them is that the sale prices of a Bumiputra house is cheaper than a 
normal house. 
97 Wind blows in the northeast, southwest and west areas, while the non-wind-blowing areas fall in the 
north, east, southeast, south and northwest. 
98 API is calculated based on average concentration of SO2, NO2, CO, O3 and PM10. 
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Priori expected signs of each variable is shown in column two. New dwellings, freehold 
and detached houses are expected to be more expensive than non-new dwellings, 
leasehold and terraced houses. A new dwelling is expected to have a higher price than a 
non-new dwelling because the new dwelling is a new house, containing all the new and 
modern features, and is designed based on buyers’ preferences and thus is in high demand 
in the market. It also indicates the age of the house, where a newly built house is expected 
to be preferable to customers compared to an old house. A freehold house is expected to 
have a positive impact on the sale prices because the ownership of a freehold house rests 
with the buyers, while a leasehold house belongs to the government, and after a certain 
period of time, the buyers have to return the house to the government. Hence, the former 
is preferable for buyers.  
As detached houses are bigger in terms of size and are also built using better materials as 
compared to terraced houses, they are expected to have higher prices. House materials 
also affect prices, as concrete bricks are cheaper than clay bricks; thus the expected sign 
is negative. Size and lot of the house are expected to have a positive impact on the 
property value. House size refers to the built-up area, while house lot is the total house 
area. An increase in a number of bedrooms, number of bathrooms and number of cars that 
can be parked in the house area is associated with higher price. A house built using tile is 
expected to have a higher price compared to a house which was built using woods, 
marbles or a mixed type of finishing. The reason for this is that tile is commonly used in 
a new house and it has become a new trend, demanded by customers.99  
In addition, an increased distance from facilities such as the central business district 
(CBD), schools, clinics and shops is expected to have an inverse impact on house prices. 
Nevertheless, for mosques the expected sign could be positive or negative. The reason for 
this is that Muslims, especially Malays, look for a house that is close to a mosque so that 
it is easy for them to perform their prayers together with the community. In many places, 
the mosque is not just a place for praying, it is also a place for learning and social events. 
However, for the non-Malays who are non-Muslims, living close to a mosque is not 
desirable because they will be disturbed by the five calls for prayer every day. Dziauddin 
(2014) found that an increased distance from a mosque decreased the house prices in 
Klang Valley, Malaysia, although being close to a mosque is associated with noise, traffic 
and congestion especially during Friday prayers. 
                                                          
99 Information given by the house developer. 
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Flooding areas suffer property damage every year, and thus the house prices in these areas 
are lower than prices of houses in a flood-free area. Moreover, pollution indicators such 
as in the area where LAMP is located, distance from LAMP, wind blowing area, the 
ground level concentration, and the air pollution index are expected to have a negative 
impact on property prices, except for the distance from LAMP, as the higher the distance 
from the source of pollution, the higher the house prices. For the year dummies, there are 
no priori expectations of the variables’ signs, except for year 2011 because as mentioned 
above during this year information about LAMP and its possible detrimental health and 
environmental impacts were circulated widely, thus might affect the reduction in house 
prices.   
The summary statistics show that the mean sale price is RM210,531 (≈$51,100). Half of 
the houses are newly built. Most of the houses are freehold, terraced and built using 
concrete brick. The mean size and lot are about 102 sqm and 203 sqm respectively. 
Houses sold commonly have three bedrooms, two bathrooms, one car park and tile 
finishing. Facilities are within 1-3km, except for the CBD (16km). Most of the sample 
houses are not located in the Bumiputra area, but they are free from flood. Fifty per cent 
of the houses are located in LAMP area, and the mean of distance from LAMP is about 
22 km. Wind containing pollution from LAMP blows mostly in the other direction and 
not towards the area containing the houses sold. The mean of the GLC using a one month 
averaging time factor is .28, which is less than 1/100,000th of pollution emitted (see 
Chapter 4). Meanwhile the mean of the API is about 44, which is classified as good.100  
 
6.4.1.2 Primary data 
 
While secondary data use nine years of data to examine people’s perceptions, the primary 
data specifically collect information about people’s perceptions through fieldwork 
conducted in 2015. A total of 444 respondents were surveyed using a random sampling 
method for the Malay group, while a non-random sampling method using an online 
survey was employed for the non-Malays due to difficulty in collecting the data.101 The 
sample in the primary data is not representative of the total houses, as the chi-square 
goodness-of-fit test found a significant difference between proportion of house type in 
                                                          
100 API is classified into 5 categories: good (0–50), moderate (51–100), unhealthy (101–200), very 
unhealthy (201–300) and hazardous (>300). 
101 There is a low rate of response (28 out of 524 respondents) among the non-Malays due to their non-
availability at home and reluctance to participate in the survey. 
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the sample (terraced: 53.1 per cent, detached: 35.8 per cent and others: 11 per cent) as 
compared to the total houses (terraced: 72.27 per cent, detached: 22.84 per cent and 
others: 4.88 per cent), 2 (2, n=900) = 17.96, p<.000.  
Data on the house prices (dependent variable) of the surveyed respondents were estimated 
by a valuation officer in the Valuation and Property Service Department, and the prices 
have been adjusted for inflation using 2007 as the base year. Meanwhile, determinants of 
house prices including people’s perceptions were collected from the respondents, except 
for some environmental variables such as wind direction and pollutants’ values. Wind 
direction employed the same method used in the secondary data. For pollutants’ values, 
there are six variables instead of two variables used in the secondary data such as carbon 
monoxide (CO), nitrogen dioxide (NO2), sulphur dioxide (SO2), particulate matter 
(PM10), API and GLC. Data on CO, NO2, SO2 and PM10 were provided by the DOE.  
The houses in primary data have more categories as compared to the secondary data. For 
example, in the primary data, house type was classified into three categories: terraced, 
detached and others. ‘Other’ type of house consists of flats, village houses, cluster houses 
and low cost houses or Rancangan Rumah Murah (which were built in the 1980s to boost 
housing demand during a recession period). In the secondary data, terraced and detached 
houses were the most transacted houses, while in the primary data, the houses especially 
from the category of ‘other type of house’ were less likely to be sold—only seven houses 
under this category were found in the secondary data out of 900 observations.  
A concrete brick house is more expensive than a house built using blocks, woods and 
mixed materials. In contrast to the secondary data, the expected sign is different because 
it compares concretes with clay bricks, whereas in the primary data, it compares concrete 
bricks with many other cheaper materials. Also, for the finishing, primary data has three 
categories (tiles, cements and others) instead of two categories as used in the secondary 
data because cement was not available in the secondary data. A house using tile fetches a 
higher price as compared to other types of finishing; however, a house built using cement 
is expected to have a negative impact on the price as compared to other kinds of finishing 
because the price of cement is the lowest among all the finishing. 
Similarly with the secondary data, the primary data can be classified into two categories: 
objective measure (actual or proxy for pollution emissions) and subjective measures 
(perceived pollution). The actual air and soil pollution are analysed using CO, NO2, PM10 
and GLC variables. A proxy for air pollution, wind direction is also used in the estimation 
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because a wind-blowing area is exposed to LAMP air pollution. The perceived air and 
soil pollution are binary variables where 1 is perceived high-level of impact on air or soil 
quality, whereas 0 is perceived low-levels of impact on these environmental qualities. In 
addition, ‘distance to LAMP’ variable is compared to people’s perceptions of the main 
(or direct) environmental quality. Proximity to LAMP may be exposed to all types of 
environmental problems, but the pollution variables (such as CO, NO2 and GLC) only 
look at the specific type of pollution. Thus, a variable for perceived main environmental 
impact, which consists of air, river, soil and ground water pollution, is used to compare 
with the distance variable.  
Table 6.2 Primary data: Summary statistics 
Variables  Exp. Sign Mean Std.Dev 
Real house prices (RM)  173395.5 138248 
Structure    
Type    
Terraced = 1 if terraced and 0 otherwise + .531 .499 
Detached = 1 if detached and 0 otherwise + .11 .314 
Base: Others  .358 .48 
Material (= 1 if concrete bricks and 0 otherwise) + .718 .45 
House size (sqm) + 97.035 54.964 
Lot (sqm) + 530.134 1412.8 
Number of bedroom  + 3.649 1.222 
Number of bathroom  + 1.905 .899 
Age (years) + 1994.13 11.564 
Number of car  - 2.664 2.731 
Finishing +   
Tile = 1 if tile and 0 otherwise  .279 .440 
Cement = 1 if cement and 0 otherwise + .329 .47 
Base: Others - .392 .489 
Neighbourhood    
Distance to CBD   8.339 7.29 
Distance to schools  - 3.393 4.288 
Distance to clinics  - 3.114 3.23 
Distance to mosques  - 2.789 23.745 
Distance to shops  +/- 4.013 33.473 
Bumi (= 1 if live in a Bumiputra area and 0 
otherwise) 
- 
.419 .494 
Floodfree (= 1 if live in a flood free area and 0 
otherwise) 
+ 
.408 .492 
Environment    
Area (=1 if located in LAMP area) - .223 .417 
Distance from LAMP  + 29.543 10.394 
Wind (1= wind blowing area) - .538 .499 
GLC (mg/ m3) - .623 .766 
API (air pollution index) - 37.5 24.515 
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CO (µg/ m3)  - 1395.462 425.992 
NO2 (µg/ m
3) - 8.086 2.115 
SO2 (µg/ m
3) - 4.817 .272 
PM10 (µg/ m
3) - 43.473 11.486 
PerceptA (=1 if perceive high levels of air    
pollution and 0 otherwise) - .32 .467 
PerceptS (=1 if perceive high levels of soil    
pollution and 0 otherwise) - .234 .424 
PerceptE (=1 if perceive high levels of    
environmental pollution102 and 0 otherwise) - .412 .493 
  Total number of observation is 444. 
The summary statistics in Table 6.2 show that the mean of sale prices is RM173,395 
(≈$42,086), which is lower than the mean prices in the secondary data. Terraced houses 
are common in the sample. Most houses were built using concrete bricks, having about 
four bedrooms, two bathrooms and three car parks and used different types of finishing. 
The mean size of houses is smaller than the secondary data, but the mean lot is larger. 
The mean age is 1994. Most of the houses are within 2 to 8km of facilities. The mean 
distance from LAMP is farther than it is in the secondary data, but half of the houses are 
exposed to the wind that carries pollutants from LAMP. The mean of the GLC and the 
API are similar to the secondary data.  
 
6.4.2 Method 
 
The hedonic pricing method introduced by Lancaster (1966) and Rosen (1974) is used in 
this chapter. Hedonic price is defined as the implicit prices derived from observing the 
prices of differentiated products and their characteristics. Goodman (1978) stated that the 
hedonic price is the price of any good, let’s say a house, determined by a set of 
components that is thought to contribute to that price, 𝑃 = 𝑓(𝐶). Freeman III (1979) 
specifically defined the contributing components to housing/property prices based on the 
following equation: 
𝑃𝑗 = 𝑓(𝑆1, … , 𝑆𝑘;  𝑁1, … , 𝑁𝑙; 𝑄1, … , 𝑄𝑚)     (1) 
where 𝑃𝑗  is the price of a house; 𝑆1 is structural characteristics of the house such as 
number of rooms, size of lot and age; 𝑁1 is characteristics of the neighbourhood such as 
crime rate, distance from city and other facilities; and 𝑄1 is characteristics of the 
                                                          
102 Environmental pollution refers to the direct environmental impact or ‘percept1’ used in the previous 
chapter. The difference between ‘perceptE’ and ‘percept1’ is in terms of number of observation, where 
the former has a smaller sample (444 respondents) compared to the latter (570 respondents).   
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environment such as air or water quality. Rosen’s model assumed that the housing market 
is in equilibrium, where buyers/sellers maximise their utility/profit by purchasing/selling 
differentiated goods. They have complete information about the house, implying their 
awareness of house prices and their attributes, including local dis(amenity). The housing 
market is assumed perfectly competitive, where buyers and sellers are the price takers, 
and the market also contains a sufficiently large number of houses to ensure that buyers’ 
choice is made from a set of houses with different attributes. For individual 𝑖 living in 
house 𝑗, the utility is as follows: 
𝑈𝑖 = 𝑓(𝑥; 𝑆1, … , 𝑆𝑘;  𝑁1, … , 𝑁𝑙; 𝑄1, … , 𝑄𝑚)     (2) 
The utility is assumed to be strictly concave. 𝑥 is consumption of other goods. When the 
price of 𝑥 is set equal to 1, and the measured income of individual 𝑖, 𝑦𝑖 in terms of unit of 
𝑥, it gives the following income constraint: 
𝑦𝑖 = 𝑃𝑗  (𝑥; 𝑆1, … , 𝑆𝑘;  𝑁1, … , 𝑁𝑙; 𝑄1, … , 𝑄𝑚) + 𝑥    (3) 
Maximising utility subject to income constraints requires a set of commodities 
(𝑥; 𝑆1, … , 𝑆𝑘;  𝑁1, … , 𝑁𝑙; 𝑄1, … , 𝑄𝑚) to satisfy the income and first order condition. Thus, 
a partial derivative of 𝑃𝑖 with respect to house characteristics indicates marginal implicit 
price (MIP) of that characteristic. It follows, therefore, that differentiating the price 
function with respect to 𝑄𝑚 reveals people’s willingness to pay an addition to price for 
any changes in the public or environmental good (Hanley et al., 2009). 
 
6.4.2.1 Secondary data 
 
For the secondary data, house prices are analysed using two forms of estimation: an 
ordinary least squares (OLS) and a difference-in-difference (DID) methods. First, data 
from 2007 to 2015 were used to estimate house sale prices using OLS because all of the 
houses are different observations. A time variable is included in the equation to capture 
the time trend. Second, a difference-in-difference (DID) method was employed. 
According to Khandker et al. (2010), DID compares with participants (a treatment group) 
and non-participants (a control group) before and after any intervention. With the 
availability of baseline data, the intervention impacts can be estimated by assuming that 
unobserved heterogeneity is the time invariant and uncorrelated with the treatment over 
time.  
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The reason to use DID is because of common problems associated with the traditional 
HPM. HPM suggests that a house is determined by its attributes, but it does not explain 
how many of the attributes and what those attributes are. This general guideline given by 
Rosen’s model makes statistical estimation difficult because the parameters estimated 
will be biased with the presence of omitted variables (Banzhaf, 2015). In addition to that, 
heteroskedasticity will also be present in the model. Therefore, recently, there has been 
an increase in studies that have combined quasi-experimental methods with the hedonic 
model (Banzhaf, 2015; Parmeter and Pope, 2009) to reduce the problems, and one of the 
approaches used in the literature of quasi-experiment using hedonic price is a difference-
in-difference method (Freeman III, Herriges and Kling, 2014).  
DID can be used to measure the impact of LAMP on property prices by comparing the 
difference (D0) in house prices before and after the establishment of LAMP’. Since there 
are many other factors that may affect this result, a DID approach attempts to control for 
these confounding factors by simultaneously measuring the difference (D1) in house 
prices over the same period of time for a control group that does not experience change. 
The difference in these differences (D1-D0) is assumed to eliminate the problem. The use 
of DID in the hedonic method is important to control for the time invariant unobservable 
variables (Kuminoff, Parmeter and Pope, 2010). When the unobservable neighbourhood 
or house characteristics are tackled, statistical estimation is improved (Banzhaf, 2015).  
However, from an economic point of view, interpretation of average treatment effect 
(known as a capitalisation rate) in the quasi-experimental technique may not reflect 
marginal willingness to pay for a price change, because the change in environmental 
quality may cause the hedonic price function to change over time (Locke, 2013; Parmeter 
and Pope, 2012). Nevertheless, Kuminoff, Parmeter and Pope (2009) showed that if the 
demand for house characteristics is perfectly elastic with shocks, and constant during the 
time of analysis, or if the shock is random (uncorrelated with the other house attributes), 
then there is no difference between capitalisation rate and the marginal willingness to pay 
a higher price.103 
The intervention in this quasi-experimental104 analysis using DID is the information 
circulation due to the establishment of LAMP. Two locations are selected for comparison: 
                                                          
103 A property market report discussed in the background to the residential sector, shows that in the 1980s 
and in 1998, economic crises caused price drop. This indicates that house demand is elastic with market 
shock. The shock was also uncorrelated with house attributes. 
104 An experimental analysis has three features: there is an intervention, the presence of a control group 
that has similar characteristics with the treatment group, and data are selected randomly. However, due to 
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area 0 (a control group) and area 1 (a treatment group). Both are located in industrial 
areas, and thus have similar facilities, employment opportunities, as well as exposure to 
pollution emission. Two periods are used in the estimation: before and after the 
information was widely circulated. Thus, the equation of DID is given as follows: 
𝑙𝑛𝑃𝑖𝑡
𝑗 = 𝑆𝑖𝑡𝛽 + 𝑁𝑖𝑡𝛼 + 𝑄𝑖𝑡
𝑗 𝛿 +∈𝑖𝑡
𝑗
 
𝑄𝑖𝑡
𝑗 𝛿 = 𝛿1𝑑𝑡 + 𝛿2𝑑
𝑗 + 𝛿3𝑑𝑡
𝑗 + 𝑞𝑖𝑡𝛿 
where 𝑙𝑛𝑃𝑖𝑡
𝑗
 is the log of price of 𝑖th house for the 𝑗 area sold in period 𝑡; 𝑆𝑖𝑡 and 𝑁𝑖𝑡 are 
the structural and neighbourhood characteristics of 𝑖th house in period 𝑡;  𝑄𝑖𝑡
𝑗
 is the 
environmental characteristic of 𝑖th house for the 𝑗 group sold in period 𝑡; and 𝜖𝑖𝑡is the 
error term, 𝑑𝑡= 1 if sold after information is circulated and 0 otherwise, 𝑑
𝑗= 1 if area 1 
(where LAMP is located) and 0 otherwise, 𝑑𝑡
𝑗
= 1 if it is area 1 and it is sold after 
information circulation. Coefficient 𝛿3represents a true causal effect of information 
circulation about LAMP’s environmental impact on property values in area 1. According 
to Bin et al. (2009), the assumption is that the conditional mean of a random error is zero 
(𝐸[∈𝑖𝑡
𝑗 |𝑑𝑡
𝑗]), so an unbiased estimate of 𝛿3 can be obtained by DID as follows: 
𝛿3 = 𝑙𝑛𝑃1
1 − 𝑙𝑛𝑃0
1 − (𝑙𝑛𝑃1
0 − 𝑙𝑛𝑃0
0) 
where the bars indicate average values, the superscripts represent the areas (treatment and 
control group) and subscripts represent the time period (before and after the information 
circulation). Coefficient 𝛿1 captures a raw-time effect for properties in both areas, while 
𝛿2indicates time-invariant differences between properties in both areas.  
 
6.4.2.2 Primary data 
 
For the primary data, people’s perceptions of LAMP’s environmental impacts (C) is 
introduced in the estimation: 
𝑙𝑛𝑃𝑖 = 𝑆𝑖𝛽 + 𝑁𝑖𝛼 + 𝑄𝑖𝛿 + 𝛾𝐶𝑖 + 𝜖𝑖      (4) 
                                                          
a large number of houses being traded in the market, 900 units of houses have been selected with 100 
houses to represent every year.  
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In this traditional cross-section method, Rosen’s model is estimated at one time to ensure 
households’ preferences are stable and any shock that can cause disequilibrium in the 
market can be ignored (Parmeter and Pope, 2009). 
 
6.5 FINDINGS AND DISCUSSION  
 
6.5.1 Analysis of secondary data 
 
Multicollinearity is a common problem in the HPM (Freeman III et al., 2014; Hanley and 
Barbier, 2009), indicating that attributes of a house are highly correlated with each other, 
and thus violated the assumption of OLS. A test for individual correlation was conducted 
to check the strength or relationship among the independent variables. The results are 
presented in the correlation matrix in Table 6.3. The correlation matrix shows that house 
type and material have a high correlation (-.95) and is followed by number of bedroom 
and bathroom (.88). A multicollinearity test was conducted to ensure there is no violation 
of the OLS rule and the results show that they have high multicollinearity problems and 
are thus excluded from the estimation. House material is highly correlated with house 
type (VIF ≈ 26.97), while number of bathrooms is highly correlated with number of 
bedrooms (VIF = 9.05 – 16.97). This means that a house built using concrete bricks is 
normally a terraced house, while a house made with clay bricks is typically a detached 
house. Similarly, a one-bathroom house usually has two bedrooms, a two-bathroom house 
typically has three bedrooms and a three-bathroom has four bedrooms. A cross-tabulation 
check confirmed these findings. These two problems arise because terraced and detached 
houses are designed in such a way that they have their own features and these features are 
similar within their own type. 
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Table 6.3 Correlation matrix of independent variables 
 
163 
 
 
164 
 
In addition to individual correlation tests, a multiple correlation was conducted to check 
how well a particular variable is predicted by a set of other variables. The results in Table 
6.4 show that all predictors are explained by some of the other predictors, indicating their 
correlation. Similar to the results given in the correlation matrix, house type and material, 
number of bedrooms and bathrooms have high correlations, represented by R2 value. 
LAMP area, distance from LAMP and the lnGLC also show high values of R2 because 
they measure a similar thing. The year dummies also reveal high R2 values because they 
are correlated with each other.  
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Table 6.4 Secondary data: Multiple correlation of independent variables 
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6.5.1.1 Ordinary least square (OLS) 
 
Environmental variables such as being located in LAMP area, distance from LAMP, wind 
direction, pollution from LAMP (lnGLC) and general air pollution (lnAPI) are used to 
estimate sale prices using five equations. The GLC indicates emission exposure based on 
a ground-level concentration in the residential areas, while the API is used to capture the 
impact of other industries on house prices. Dummy variables for year of sale (Y_2008, 
Y_2009, Y_2010, Y_2011, Y_2012, Y_2013, Y_2014, Y_2015) are included in the 
equation to capture time trends or temporal fluctuations in the housing market. Sales in 
2007 were excluded and used as the base year data to be compared with the sale prices in 
other years.  
In general, Table 6.5 shows that none of the variables used to measure LAMP pollution 
are significant in affecting sale prices. However, a combination of pollution produced by 
all industries has a significant negative impact on prices. It is found that year 2008 had a 
negative impact on the sale prices. The reason for this significant negative sign is because 
of the global financial crisis in 2008 that caused drop in house prices (Pillaiyan, 2015). 
During this time, the GDP growth rate was lower, 3.32 per cent as compared to 9.43 
(2007), 5.58 (2006) and 5.53 (2005) per cent in the previous years (World Bank, 2017). 
GDP is a function of consumers’ spending, investment, government spending and net 
export. GDP is an indicator of economic performance.  
An increase in GDP means that the country performs well, and thus creates more jobs, 
and raising the standard of living and people’s incomes (Kim et al., 2016). The increase 
in economic activities drives house demand and hence increases house prices in the long 
term (Adam and Füss, 2008). The opposite is true when the country is in recession. It 
offers less job availability and less income, and thus has low house demand and decrease 
in house prices. Recession and its consequences on the house market was experienced in 
the early 1980s, and explained in the background to the residential sector (see 6.2). Even 
though Lynas had approached some related parties in 2008, the local people had no 
information about LAMP, and thus this would not affect the sale prices. Also, in 2010, 
the plant was under construction, but it had a positive impact on house prices, indicating 
that the Lynas project had nothing to do with the change in prices in 2008. 
Year 2011 also had a significant negative impact on the dependent variable. However, 
the GDP growth rate is about 5.29 per cent, higher than the GDP growth in 2013 (4.69 
per cent) and 2015 (4.97 per cent), indicating the reduction in price was not related to the 
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country’s economic performance. During this year, information about LAMP’s adverse 
environmental impacts was spread widely and influenced people’s perceptions. However, 
year dummies used to measure people’s perceptions capture many unknown variables 
that are not included in the models although the variables used were specified by the 
house developers as the main factors influencing people in purchasing a house. Thus, a 
causal relationship between the reductions of sale prices in 2011 with LAMP’s 
establishment cannot be made and the result is inconclusive. 
All structural characteristics are positively significant in affecting sale prices. New 
dwellings, freehold and detached houses are more expensive as compared to used, 
leasehold and terraced houses. An increase in the house size, lot, number of bedrooms 
and car parking has significant positive impacts on sale prices. A tile finishing is more 
expensive than other types of finishing such as marbles, woods and mixed types. 
Meanwhile, as regards neighbourhood characteristics, only distance to CBD is a 
significant variable, showing that the further the distance from the CBD the lower the sale 
price of the house.  
Table 6.5 Results from OLS 
Variables LAMP area Dist.to LAMP Wind lnGLC lnAPI 
Category .038* .043** .041* .043** .037* 
 (.022) (.022) (.022) (.022) (.022) 
Status .152*** .146*** .147*** .145*** .147*** 
 (.028) (.028) (.028) (.028) (.028) 
Type .065** .057* .058* .058* .059* 
 (.031) (.031) (.031) (.031) (.031) 
lnsize .412*** .415*** .415*** .415*** .411*** 
 (.04) (.04) (.04) (.04) (.04) 
lnlot .246*** .246*** .246*** .246*** .244*** 
 (.026) (.026) (.026) (.026) (.026) 
#Bedroom .051** .055** .055** .056** .055** 
 (.024) (.024) (.024) (.024) (.023) 
#Car .369*** .371*** .371*** .371*** .369*** 
 (.028) (.028) (.028) (.028) (.028) 
Finishing .22*** .215*** .216*** .214*** .216*** 
 (.036) (.036) (.035) (.036) (.035) 
Dist.to CBD -.005*** -.006*** -.006*** -.006*** -.005*** 
 (.001) (.001) (.001) (.001) (.001) 
Dist.to school .002 .004 .004 .004 .002 
 (.008) (.008) (.008) (.008) (.008) 
Dist.to clinic .002 -.0 .0 .0 .002 
 (.004) (.004) (.003) (.004) (.003) 
Dist.to mosque .006 .008 .008 .008 .005 
 (.008) (.008) (.008) (.008) (.008) 
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Dist.to shops -.001 .0 .0 .001 -.001 
 (.005) (.006) (.005) (.005) (.005) 
Bumi .025 .014 .016 .014 .024 
 (.026) (.025) (.025) (.025) (.025) 
Floodfree .008 -.008 -.005 -.008 .002 
 (.032) (.03) (.03) (.03) (.03) 
LAMP area -.045     
 (.034)     
Dist.to LAMP  -.0    
  (.001)    
Wind   .005   
   (.024)   
lnGLC    .015  
    (.025)  
lnAPI     -.111** 
     (.055) 
Y_2008 -.913*** -.9*** -.912*** -.912*** -.906*** 
 (.041) (.054) (.041) (.041) (.041) 
Y_2009 1.341*** 1.357*** 1.343*** 1.343*** 1.359*** 
 (.041) (.054) (.041) (.041) (.041) 
Y_2010 .294*** .311*** .297*** .298*** .311*** 
 (.042) (.056) (.042) (.042) (.042) 
Y_2011 -.284*** -.27*** -.284*** -.283*** -.272*** 
 (.041) (.055) (.042) (.041) (.042) 
Y_2012 .429*** .439*** .425*** .228 .436*** 
 (.042) (.055) (.042) (.333) (.042) 
Y_2013 .262*** .275*** .262*** 0.63 .262*** 
 (.042) (.054) (.043) (.335) (.042) 
Y_2014 .037 0.05 .037 -0.61 .06 
 (.042) (.055) (.042) (.333) (.043) 
Y_2015 .446*** .458*** .445*** .248 .458*** 
 (.043) (.056) (.043) (.333) (.043) 
n 900 900 900 900 900 
Adjusted R2 0.863 0.862 0.862 0.862 0.863 
 Note: *p < 0.1; **p < 0.05; ***p < 0.01 and standard errors are in parenthesis. 
In short, the results reveal that the objective measure using variables such as LAMP area, 
distance to LAMP, wind direction and the lnGLC to indicate pollution produced by 
LAMP are not significant in affecting sale prices. The subjective measure using year 
dummies designed to capture time of information circulation, indicating perception 
impact on house prices, is found to be statistically significant. However, due to the nature 
of year dummies contain many relevant unknown variables, thus, there is no strong 
correlation to indicate the reduction in house prices was because of the establishment of 
LAMP.  
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6.5.1.2 Difference-in-difference (DID) 
 
Due to the inconclusive results given in the OLS method, a difference-in-difference 
method is used for further analysis. Two periods are used in DID: before and after 
information about LAMP negative environmental impacts was circulated. The first 
equation (a) analyses two years, 2007 and 2011, to study the impact of information 
circulation in these two periods. Meanwhile, the second equation (b) includes all the years 
[(before: 2007-2010) and (after: 2011-2015)] to look at the whole impact since the 
establishment of the plant. Under the assumptions of the DID model, the interaction term 
(the ‘LAMP area’ x ‘sold after information circulation’ about LAMP) is the variable of 
interest because its coefficient reflects the true causal effect of information circulation 
about LAMP’s negative impact on property prices in LAMP area.105 The first result shows 
that there is a significant negative difference between the area where LAMP is located 
and areas further away. Houses sold after the information was circulated also show a 
significant negative impact on sale prices. However, the interaction term is not significant, 
suggesting that information circulation has no significant impact on property prices in 
LAMP area.  
These results can be interpreted in two possible ways. First, information circulation in 
2011 might have no impact on the reduction in sale prices, and the price reduction was 
determined by other unknown factors captured by the year dummy shown in Table 6.5. 
Second, information circulation about LAMP is an important variable to influence the 
reduction of house prices in 2011, but this information circulation might not only affect 
the area where LAMP is located; it might also affect the control area, because information 
circulation could affect people’s perceptions even though the control area is not affected 
by LAMP pollution. Again, under the DID method, the result is inconclusive.  
In the second equation, considering all years, the DID interaction term shows a positive 
significant impact on the dependent variable. This result is explainable because job 
opportunities created by industries could be one of the reasons for the positive impact on 
sale prices.  
                                                          
105 LAMP area variable may capture the effect of distance-based variables such as distance to the CBD, 
schools and shops and hence estimation without this variable (LAMP area) has been conducted. However, 
the impacts on distance-based variables are similar in terms of the sign and the significance of the 
variables with or without the inclusion of an area variable in the regression. 
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Table 6.6 Results from DID 
               (a)                            (b) 
Variables                                                             2007 & 2011             2007 - 2015 
LAMP Area -.186** -.271*** 
 (.085) (.095) 
Category .055 .036 
 (.046) (.049) 
Status .2*** .176*** 
 (.063) (.063) 
Type .027 .041 
 (.061) (.070) 
lnsize .218*** .287*** 
 (.061) (.088) 
lnlot .192*** .271*** 
 (.047) (.058) 
#Bedroom .252*** .117** 
 (.052) (.053) 
#Car .483*** .340*** 
 (.054) (.063) 
Finishing .195*** .185** 
 (.076) (.08) 
Dist. to CBD -.006*** .001 
 (.002) (.002) 
Dist. to school .001 -.015 
 (.014) (.017) 
Dist. to clinic .038*** .011 
 (.009) (.008) 
Dist. to mosque .013 -.013 
 (.014) (.018) 
Dist. to shops -.009 .002 
 (.008) (.012) 
Bumi .193*** -.109* 
 (.05) (.058) 
Floodfree .044 .03 
 (.067) (.07) 
Sold after information circulation (=1) -.339*** -.123** 
 (.055) (.062) 
DID interaction term .009 .215** 
 (.087) (.089) 
n 200 900 
R2 .814 .323 
Adjusted R2 .795 .309 
     Note: *p < 0.1; **p < 0.05; ***p < 0.01 and standard errors are in parenthesis.       
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6.5.2 Analysis of primary data 
 
Similarly with the secondary data, tests for individual and multiple correlation were 
conducted for independent variables. The results are presented in Table 6.7. The 
correlation matrix shows that variables such as distance to LAMP and the lnGLC (-.96), 
CO and NO2 (-.89), CO and SO2 (.98) and NO and SO2 (-.86) have high correlation with 
each other. A multicollinearity tests reveal that they have multicollinearity problems 
(VIF=15.20 - 60.56). SO2 is omitted from the analysis and exclusion of SO2 eliminates 
this problem. Meanwhile, a distance to LAMP and the lnGLC are expected to have a high 
correlation because they measure the same thing, which is LAMP pollution and thus is 
estimated separately. The results also show that distance to LAMP and actual pollution 
have low correlation with people’s perceptions, ranging from -.0 to .12.  
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Table 6.7 Primary data: Correlation matrix of independent variables 
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The multiple correlations also show similar results to the individual correlation where 
distance to LAMP, lnGLC, CO and SO2 have high values of R
2 (.83-.98) compared to 
other variables. 
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Table 6.8 Primary data: Multiple correlation of independent variables 
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Primary data consist of people’s perceptions of LAMP’s air, soil and main (direct) 
environmental impacts.106 Therefore, a direct comparison between objective and 
                                                          
106 Environmental impacts are a combination of air, river, soil and ground water pollution. 
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subjective measures can be made. The results in Table 6.9 show that none of the variables 
such as real air pollution (CO, NO2 and PM10), proxy for air pollution (wind direction), 
surrounding air quality (lnAPI), and perceived air pollution are significant in affecting 
the variation in house prices. This means that using both objective and subjective 
measures give similar, insignificant results. These results are consistent with the results 
given in the secondary data because, in 2015 the house market adjusted to the presence 
of LAMP. Thus, pollution from LAMP and perceived environmental impacts are no 
longer significant in influencing house prices.  
Structural and neighbourhood characteristics such as type of house, material used in 
building the house, size of house, number of bedrooms, finishing, distance to schools, 
clinics and shops, and living in the Bumiputra area are found to be significant 
determinants of house prices. A clinic variable does not follow the expected sign. One of 
the reasons for this is that ‘clinic’ refers to the nearest health centre to the community, 
and this includes the government clinics (klinik 1 Malaysia)107 which are available in 
many places. However, due to issues associated with the government clinics such as 
limited facilities including medicines (Utusan Borneo, 2016) and equipment (Sabri, 
2013), some people prefer to go to private clinics. 
Table 6.9 Objective vs. subjective measures: air pollution 
Variables Air pollution Wind lnAPI Perceived air pollution  
Type     
Terraced 1.091*** 1.085*** 1.087*** 1.089*** 
 (.108) (.108) (.108) (.108) 
Detached 1.562*** 1.541*** 1.538*** 1.548*** 
 (.127) (.127) (.126) (.126) 
Material .301*** .303*** .308*** .307*** 
 (.106) (.106) (.106) (.106) 
lnsize .149* .151** .152** .158** 
 (.078) (.078) (.078) (.078) 
lnlot .016 .018 .022 .014 
 (.039) (.039) (.039) (.039) 
#Bedroom .104*** .101*** .101*** .104*** 
 (.035) (.035) (.035) (.035) 
#Bathroom .038 .037 .039 .039 
 (.045) (.045) (.045) (.045) 
Age -.004 -.004 -.004 -.004 
 (.003) (.003) (.003) (.003) 
#Car .003 .004 .004 .004 
                                                          
107 They are established to help the low-income group, pensioners and those who have no health insurance 
(Bernama, 2010).  
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 (.014) (.014) (.014) (.014) 
Finishing     
Tile -.031 -.024 -.023 -.024 
 (.077) (.077) (.077) (.077) 
Cement -.13* -.14** -.145** -.134* 
 (.072) (.071) (.071) (.071) 
Dist. to CBD .006 .006 .006 .006 
 (.005) (.005) (.005) (.005) 
Dist. to school -.018** -.017** -.017* -.017** 
 (.009) (.009) (.009) (.009) 
Dist. to clinic .029*** .028*** .027** .029*** 
 (.011) (.011) (.011) (.011) 
Dist. to mosque -.001 -.001 -.001 -.001 
 (.001) (.001) (.001) (.001) 
Dist. to shops -.002* -.002** -.002* -.002** 
 (.001) (.001) (.001) (.001) 
Bumi -.179*** -.182*** -.191*** -.182*** 
 (.063) (.063) (.064) (.063) 
Floodfree .014 .01 .007 .015 
 (.06) (.061) (.061) (.06) 
CO -.000    
 (.000)    
NO2 .005    
 (.031)    
PM10 -.003    
 (.003)    
Wind  -.044   
  (.061)   
lnAPI   .175  
   (.138)  
PerceptA    -.031 
    (.065) 
n 444 444 444 444 
Adjusted R2 .610 .627 .611 .610 
  Note: *p < 0.1; **p < 0.05; ***p < 0.01. 
Similar to soil and main environmental pollution, the results are not significant for both 
objective and subjective measures because of market adjustment. 
Table 6.10 Objective vs. subjective measures: soil and environmental pollution 
Variables Soil  
pollution 
Perceived soil  
pollution  
Dist.to 
LAMP 
Perceived environmental 
pollution 
Type     
Terraced 1.076*** 1.099*** 1.068*** 1.095*** 
 (.108) (.108) (.109) (.108) 
Detached 1.537*** 1.554*** 1.53*** 1.55*** 
 (.127) (.126) (.127) (.126) 
Material .311*** .303*** .313*** .309*** 
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 (.106) (.105) (.106) (.106) 
lnsize .155** .153** .157** .156** 
 (.078) (.078) (.078) (.078) 
lnlot .017 .017 .018 .016 
 (.039) (.039) (.039) (.039) 
#Bedroom .103*** .102*** .103*** .105*** 
 (.035) (.034) (.034) (.035) 
#Bathroom .036 .043 .034 .041 
 (.045) (.045) (.045) (.045) 
Age -.004 -.004 -.004 -.004 
 (.003) (.003) (.003) (.003) 
#Car .005 .005 .005 .004 
 (.014) (.014) (.014) (.014) 
Finishing     
Tile -.022 -.02 -.023 -.024 
 (.077) (.077) (.077) (.077) 
Cement -.135* -.134* -.135* -.136* 
 (.071) (.071) (.071) (.071) 
Dist. to CBD .005 .006 .005 .006 
 (.005) (.005) (.005) (.005) 
Dist. to school -.016* -.017** -.016* -.017* 
 (.009) (.009) (.009) (.009) 
Dist. to clinic .028*** .029*** .028** .029*** 
 (.011) (.011) (.011) (.011) 
Dist. to mosque -.001 -.001 -.001 -.001 
 (.001) (.001) (.011) (.001) 
Dist. to shops -.002* -.002** -.002* -.002** 
 (.001) (.001) (.001) (.001) 
Bumi -.201*** -.175*** -.202*** -.185*** 
 (.067) (.063) (.066) (.064) 
Floodfree .006 .014 -.000 .015 
 (.061) (.06) (.062) (.06) 
lnGLC .04    
 (.043)    
PerceptS  -.098  -.078 
  (.069)  (.075) 
Dist.to LAMP   -.004  
   (.003)  
PerceptE    444 
    .611 
n 444 444 444  
Adjusted R2 .611 .612 .611  
  Note: *p < 0.1; **p < 0.05; ***p < 0.01. 
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6.6 CONCLUSION 
 
The price of a property is reflected through its attributes, where good attributes increase 
its price, while bad attributes decrease the price. Similarly with the establishment of 
LAMP, its negative or perceived negative environmental impact may reduce local 
property values, while the benefit of job creation may offset the drop in price. This is one 
of the continuous arguments between the anti-Lynas group and local ministers.  
The results given by the ordinary least squares reveals that there was a drop in sale prices 
in 2011. Even though information about LAMP’s detrimental impacts on environment 
was widely circulated in 2011, a causal relationship between the reduction in house prices 
with the establishment of LAMP cannot be made. The reason is that the year dummies 
that are used to measure people’s perceptions also explain other unknown variables. A 
difference-in-difference result reveals that the establishment of LAMP has no significant 
impact on property prices. This result can be interpreted in two different ways: either the 
presence of LAMP indeed does not affect house prices; or information circulation affects 
people’s perceptions in both areas—closer and further away areas—even though the area 
further away is not affected by the pollution. Similarly with the result given by the OLS 
method, the result given by DID method is also inconclusive where the drop in house 
prices in 2011 cannot be associated with the establishment of LAMP. The result using 
primary data also supports the result given by secondary data, showing that perception 
and pollution variables are not significant in influencing house values because of market 
adjustment in 2015.     
An important lesson that arises from this finding is that Lynas’ method of approaching 
the local community was seen by some locals as inappropriate. Lynas started to engage 
with the local community in 2011 after the locals voiced their concerns due to the 
Fukushima incident and negative reports about LAMP, even though it had begun 
construction four years back. Therefore, Lynas or any company that is involved in heavy 
industries, has to learn how to approach the community and be transparent in revealing 
their data, because people’s perceptions could change through the influent of new 
information. For instance, information circulation about LAMP’s adverse environmental 
impacts caused Lynas to incur costs in dealing with the community, but with the help of 
the government, Lynas managed to operate its plant smoothly.    
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CHAPTER 7 
 
CONCLUSION 
 
 
7.1 SUMMARY 
 
Global shortage of rare earths supply in 2009 led to a worldwide increase in REEs prices 
that in turns created incentives for the establishment of a rare earth processing plant in 
Kuantan, Malaysia. Nevertheless, in addition to the ecological damage and health 
problems associated with the REEs industry as shown by China, the current rare earth 
plant, Lynas Advanced Material Plant (LAMP), was reported to have encountered several 
problems during its construction phase. This led to the perception that the industrial 
processing of REEs would have negative impacts on the local environment and the 
livelihoods of people, creating fear among some sections of the local community. The 
purpose of this dissertation is to examine how people perceive the environmental and 
health impact of LAMP, and whether the perception can affect humans’ behaviours and 
house prices.  
However, before discussing these issues, the introductory chapter of this dissertation 
gives the entire picture of what this dissertation is all about. Chapter 2 provides the reader 
with an idea of what rare earth elements are, as well as the benefits and costs associated 
with rare earth production. Chapter 3 explains the methods used to conduct the analysis, 
employing both primary and secondary data. Chapter 4 starts analysing people’s 
perceptions of general and specific impacts of LAMP. People’s perceptions (a subjective 
measure) are then compared with the experts’ views (also a subjective measure) and 
pollution emissions data (an objective measure) to check for consistency in people’s 
perceptions. The factors affecting perception are also analysed. After gaining a clear 
understanding about people’s perceptions, Chapter 5 examines the actions taken in 
response to their perceptions. The costs of actions are calculated. Action taken by the 
respondents may have an impact on earnings of fishermen, thus the potentially affected 
groups were interviewed. However, people may act because of the actual pollution 
produced instead of relying on their perceptions. Thus, determinants of AB and its 
magnitude are also studied. Chapter 6 discusses the impacts of people’s perceptions as 
well as pollution emission on house prices.  
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7.2 FINDINGS 
 
In general, it was found that most people (72 per cent) perceived LAMP to be more 
dangerous as compared to the other chemical factories in the same area. Nevertheless, a 
close investigation of their perceptions revealed that people perceived environmental (the 
main impacts under the PCA classification) impacts of LAMP to be low-levels in the 
short-term (48–57 per cent) and unknown for most of the subsequent effects (27–36 per 
cent). The impacts were perceived to be high-level only in the long-term (42–66 per cent), 
but the percentage of this high impact is lower than the percentage in the general 
perception. Most experts such as the Department of Environment (DOE), the Atomic 
Energy Licencing Board (AELB), and Lynas Corporation assured that LAMP was safe 
because it followed the rules set by the authority, with the exception of the external expert 
Gerhard Schmidt, who expressed his concerns about LAMP’s operation, because LAMP 
does not apply the current best available technology which is widely used by the 
developed countries to reduce its pollution.  
The estimated environmental data of air and soil qualities (using the ground level 
concentration) also revealed low-pollution emissions produced by LAMP, except for 
river quality because the result was inconclusive, indicating pollution emission from other 
industries might affect the river quality in the sampling area. But, most people were scared 
of LAMP and in general they perceived it to be dangerous. Findings of this dissertation 
showed that source of information received by the respondents played a role in 
influencing people’s perceptions. Logit results disclosed that those who receive 
information from many sources are more likely to perceive LAMP as being high impacts. 
Other demographic variables, namely education, income, gender, race, pollution and trust 
in LAMP’s waste management also appear to affect people’s perceptions. 
The findings of this dissertation are consistent with previous studies (Obiri et al., 2016; 
Wright et al., 2014; Faulker et al., 2001), showing that people’s perceptions are parallel 
with the actual data. In the short term, people perceived the environmental and health 
impacts of LAMP to be low, and the air pollution and ground level concentration data 
revealed that pollution emissions were indeed below the regulation levels set by the 
authority. However, people’s general perceptions of LAMP’s impacts as being dangerous 
were contradicted by the previous findings and this contradiction is in accordance with 
the findings given by Turgeon et al. (2004), stating that people’s perceptions were 
inconsistent with the pollution data. Furthermore, the source of information and 
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demographic characteristics of the respondents were found to be significant variables in 
influencing their perceptions. These results echoed the findings by scholars reported in 
previous literatures (Afroz et al., 2016; Liao et al., 2015; Lanz & Provins, 2014; Shi & 
He, 2012; Dogaru et al., 2009; Brody, Peck & Highfield, 2004; Elliott et al., 1999). 
Some people perceived there are environmental and health impacts associated with 
LAMP, and thus undertook a variety of actions to protect themselves from being exposed 
to the perceived pollution. The results showed that only 17 per cent of the respondents 
(97 people) took protective actions such as protest/talk, reduction of food consumption, 
reduction of outdoor activities, health expenditure, consumption of water and fruits, 
avoidance of LAMP area, migration, and other actions. These actions can be categorised 
into two kinds: recurring and one-off actions. The cost associated with the former is very 
marginal, about .062 per cent of household monthly income. The results also revealed 
that the action taken by the respondents had no current impact on fishermen’s earnings 
because the perceived environmental and health impacts are expected to occur in the 
distant future.  
It was also seen that people undertook averting behaviour (AB) due to the perceived 
adverse impacts of LAMP (a subjective measure) and poor surrounding air quality, and 
not due to the pollution emissions produced by LAMP (an objective measure), showing 
that the subjective measure is a good measure of AB when the pollution level is low. 
These findings are consistent with the studies conducted by Um et al. (2002), showing 
that people change their behaviours in response to their perceived risk, even though the 
pollution data were lower than the acceptable limit. This contradicts the results given by 
Li and Ferreira (2015) that shows that people are rational and only act based on actual 
data. However, this could be the case because people in Beijing, China, faced a serious 
air pollution problem that can be seen through the use of different types of mask. This 
reflects that they are always aware of pollution data and the pollution are clearly seen and 
felt by the Chinese. This was not the case for LAMP, because its level of pollution was 
below the standard set by the Malaysian authority, and people were not aware of it.  
Actions taken in response to people negative perceptions may affect the price changes in 
the property market. Secondary data reveal that the objective measure or variables used 
to measure LAMP actual pollution emission were insignificant in influencing the changes 
in house prices. Year dummies to indicate people’s perceptions or the subjective measure 
revealed a significant impact on the changes in prices. But, time trends explained many 
unknown variables; thus, a causal relationship between the reductions of sale prices in 
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2011 with LAMP’s establishment cannot be made. In addition to the ordinary least square 
method, difference-in-difference method was used to check the consistency of the results. 
The results showed that the establishment of LAMP has had no significant impact on sale 
prices and the result found using this method is also inconclusive. The results obtained 
from primary data in 2015 showed the insignificance of actual and perceived pollution on 
house prices due to market adjustment.  
 
7.3 STRENGTHS AND LIMITATIONS 
 
The strength of this dissertation is that it provides analyses of both objective and 
subjective measures in detail, in Chapter 4. Despite the incomplete data on air and river 
quality, an interpolation method was applied to solve the problem. To the best knowledge 
of the researcher, this dissertation is also the first work that studies environmental 
valuation with regards to rare earth elements in terms of human behaviour and housing 
market. Also, this dissertation has classified perception into two kinds: general and 
specific perceived health and environmental impacts. This classification revealed that 
people’s general and specific perceptions may not be consistent with regards to a 
particular issue.  
However, this classification also showed that specific perception, particularly about the 
short-term impact, reflects the reality because the respondents expressed their views on 
the issues asked based on their daily observations. This means that data collected through 
humans’ senses are reliable because it is consistent with actual pollution data. Meanwhile, 
the general perception is subject to errors because people gave their views quickly, 
without using their detailed observations. 
Nevertheless, this dissertation has a few limitations. First, the sampling method for 
Malays and non-Malays is non-comparable. For the Malay group, the research used a 
random sampling method, while for the non-Malays data was mostly collected using a 
non-random sampling technique. The reason for this is that most of the non-Malays were 
unavailable during the survey time (from 9am–6pm). However, to justify the relevance 
of using these two difference sampling methods, an independent sample t-test showed 
that there is no statistically significant difference between perceptions of non-Malays in 
random and non-random sampling. Also, the dummy variable for random sampling is not 
significant, showing there is no significant different between random and non-random 
sampling methods.  
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Second, one of the disadvantages of using an online survey for data collection is that not 
everyone has access to internet connection. Thus, only certain type of people, especially 
the young- and middle-aged groups are able to answer the questionnaire. The old-aged 
group or the lowest-income group may not have access or never use internet.  
Third, although the Water Quality Index (WQI) is presented in the results, the authority’s 
guideline for individual components of the WQI was not available for comparison. Thus, 
the results are inconclusive and a causal relationship between LAMP’s operation and river 
quality cannot be made because the WQI results take into account the impacts of other 
industries on the water quality. Even though water sampling data were collected close to 
LAMP’s final discharge point, wastes from other industries may have had an effect on 
the value of the WQI.  
Forth, definition of averting behaviour given by previous scholars that covers all kinds of 
protective action is not a direct averting behaviour. For example, attending public meeting 
or protest do not avert any pollution. However, these actions were believed by 
respondents might reduce pollution produced by the company because their actions might 
put pressure to Lynas to manage its operation properly, and alert authorities to investigate 
the company thoroughly. These two methods are common practices in Malaysia and also 
in many developing countries where mining and polluted industries are operating 
(America, 2009; Imai, Mehranvar and Sander, 2007; Bebbington et al., 2008; Tönnies, 
2007; Martinez-Alier, 2001). Nevertheless, a joint production problem can arise by 
treating ‘protest’ as an averting behaviour. In other words, people might involve in protest 
to express their disagreement against the company, but they also get the benefits of 
meeting some well-known political figures and their friends, and gain some knowledge 
about REEs and LAMP. These benefits, violate AB assumption of no joint production 
gained from people’s actions.  
In addition to that, AB is a theoretically incorrect method to estimate environmental cost. 
However, this method has been widely used by scholars to value environmental goods. A 
detailed derivation is given in Chapter 5 to illustrate this problem.  
Last, for hedonic price, the year dummies used to measure people’s perceptions capture 
many unknown variables that are not included in the models. Thus, a causal relationship 
between the reductions of sale prices in 2011 with LAMP’s establishment cannot be made 
and the result is inconclusive. 
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7.4 RECOMMENDATIONS FOR RELEVANT PARTIES 
 
Lynas Company is responsible for ensuring that the establishment of its plant and its 
operations do not alarm or cause fear to the local community. Although Lynas provides 
all monitoring data to the DOE, Lynas has to take initiatives to communicate with the 
local residents so that people are aware of Lynas pollution emissions. Currently, the data 
are not completely accessible and available, causing the local people to rely on their 
perceptions that are subject to errors. Therefore, greater transparency in the operations 
and activities of LAMP, and better communication with the local people, who are not 
literate enough to understand its technical operations, should be carried out in simple and 
effective ways. In addition, Lynas should consider ways to gain the trust of the local 
community, because the results of this dissertation show that people are liable to take 
actions and incur costs because they do not trust the company, and because they want to 
avoid the perceived health and environmental impacts.  
These actions not only affect the well-being of the community, but also the daily operation 
of Lynas. The former CEO of Lynas has admitted that Lynas had to incur costs of delaying 
its operations due to people’s actions. This is a lesson that all industrial companies should 
learn—that they need a social license to operate (SLO) in any place that they intend to do 
business. SLO is a concept that is not discussed in this dissertation, but a raft of literature 
demonstrating that failure to gain a social licence results in difficulties or huge losses to 
companies, and frequently leads to termination of their contracts (Prno, 2013; Walter and 
Alier, 2010; America, 2009; Imai, Mehranvar and Sander, 2007; Bebbington et al., 2008; 
Tönnies, 2007; Alier, 2001).  
An SLO constitutes ongoing acceptance, approval or consent of stakeholders (Vanclay et 
al., 2015). The consent of a community depends on trust in the company (Moffat and 
Zhang, 2014; Owen and Kemp, 2013), while trust relies on how people perceive the 
impacts caused by companies (Moffat and Zhang, 2014; Owen and Kemp, 2013). 
Therefore, people’s perceptions of LAMP should not be neglected because they might 
affect the company’s SLO. In addition, hedonic price analysis showed a negative impact 
on sale prices in 2011, when information about LAMP was circulated. This is an 
indication that the other sector (a property market) might also be affected by the 
establishment of LAMP, due to people’s negative perceptions and objections.  
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The authority, especially the DOE, should implement a new and stringent policy 
regarding environmental quality. Currently, the DOE is still using the 1978 environmental 
regulation, and this dissertation discovered that the air pollution index was significant in 
influencing people’s behaviour. In other words, it shows that people took action because 
of the poor surrounding air quality. Even though a new regulation and guideline was 
designed in 2014, it is not well-established and is still in the review process. With the 
current poor air and river water quality (measured using the water quality index), this is 
a sign that something has to be done to prevent the problem from becoming worse. If old 
industries keep operating and new industries are being introduced, but the guideline used 
is not updated and properly implemented, environmental quality cannot be well-
maintained. 
 
7.5 FUTURE RESEARCH 
 
Estimated environmental data (except river quality) showed that LAMP has low-levels of 
environmental impact and most of the experts supported this findings, but in general 
people perceive it to be dangerous. The findings of this dissertation revealed that when 
people received information from many sources, they are more likely to perceive LAMP 
to be dangerous. This information may have structured to achieve political motives 
because public figures from opposition parties were actively involved in discussing 
negative information about the possible environmental impacts of LAMP. In fact, the 
opposition parties used this negative information to blame the ruling parties, Barisan 
National to have a personal interest in backing the company (Sabri, 2012; Omar, 2012). 
But, the Prime Minister, Najib Razak, argued that it a political game played by the 
opposition to influence people to oppose the government (Abdullah, 2017). 
In addition to the opposition parties, most of the non-Malays were also against the 
establishment of this company, however, when they were asked to be interviewed 
regarding their opinions of LAMP, they felt reluctant to cooperate. A question that cannot 
be answered in this dissertation, if LAMP is not dangerous, why has it been made look 
dangerous and feared by the locals which has in turns, triggered their protests? This is an 
interesting question because seems like there is a party or entity that does not want to see 
LAMP being operated. If the local people, especially the non-Malays, were scared of 
LAMP’s environmental impacts, why only LAMP was subject to people’s complaint and 
not the other existing chemical industries? Does this strong objection have something to 
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do with the significant function of rare earth elements? Lynas is the biggest rare earth 
processing plant outside China and China used to have a monopoly in REEs production. 
Does China have a connection with this strong objection as a tactic in maintaining its 
monopoly? Future research on conspiracy theory might be relevant to study the issue of 
LAMP.  
Also, there are many ways to conduct environmental valuation analyses especially for the 
developing countries that mainly focus on industrial development. For example, the stated 
preference approach, revealed preference approach, and production function approach. In 
this dissertation, only the revealed preference approach was used in the form of averting 
behaviour and hedonic pricing methods. Future research may use the other approaches to 
study environmental issues. Recently, the local people in Kuantan faced a new 
environmental problem related to the bauxite mining industry, but effective action has not 
been taken by the authorities to reduce the problem. Thus, environmental valuation 
studies are needed to quantify the value of the local environment that may alert the 
authorities to take necessary actions. 
In contrast to the rare earth plant in Malaysia, the REEs industry in China is well-known 
for its detrimental impact on humans’ health and the ecological system. However, the 
existing studies merely focus on the health and environmental problems faced by the local 
residents who live close to the industry, but do not bring to the forefront the voices of 
local people through perception studies. Therefore, there is wide room for researchers to 
undertake environmental valuations in the case of China as well. Researchers may focus 
on the cost of illness, averting expenditure, as well as house and land values in the nearby 
area. The production function approach also can be applied to quantify the loss and 
damage suffered by local farmers, who argued they had to migrate or were forced to 
relocate by the state because their sources of income have been destroyed.  
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APPENDIX A: PARTICIPANT INFORMATION SHEET 
 
Researcher:  Husna Jamaludin, PhD candidate, Resources, Environment & Development 
(RE&D) in Crawford School of Public Policy, College of Asia and the Pacific, Australian 
National University. The researcher is from Malaysia. 
 
Project Title: Public Perceptions of a Rare Earth Processing Plant & their Effects on 
Averting Behaviours & Housing Prices 
 
General Outline of the Project:   
 Description and Methodology: The purpose of this project is to have a deeper 
understanding on the public perception of the possible effects of the rare earth 
processing plant, known as Lynas Advanced Material Plant (LAMP) on the 
environment, human health and local production. In addition, the research also 
aims to analyse the effect of public perception of people’s averting behaviours 
(actions taken to mitigate the risk exposed) and the local housing price. An 
interview based on semi-structured questionnaire will be used to collect data from 
the participants.  
 Participants: Data will be collected using a random sampling method in two 
areas: Kuantan (Teruntum, Inderapura, Tg.Lumpur) and Indera Mahkota 
(Semambu, Beserah) with approximately 610 local people, who are able to vote 
in the Suruhanjaya Pilihan Raya (SPR). The interview will be conducted in 2015, 
tentatively in the month of March until July. 
 Use of Data and Feedback: Data will be used for the purpose of PhD thesis, 
seminar or conference presentation and academic publications. A short summary 
of the research result will be provided to the participants via email, upon request. 
For those who do not use email, they might request the information to be sent via 
short message service (SMS) or any applicable methods.   
 Project Funding: The project has been funded by the International Mining for 
Development Centre (IM4DC).  
 
Participant Involvement:  
 
 Voluntary Participation & Withdrawal: The participation in this project is 
voluntary and you may decline to take part or withdraw from the project at any 
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time until the work is prepared for publication without providing an explanation 
or you can also refuse to answer some questions.  There is no penalty for declining 
to participate and not answering the questions asked during interview session. 
However, if you withdraw your participation from this project, all data collected 
will be destroyed.  
 
 What does participation in the research request of you? You will be asked 
about demographic information, your perception of the effects of LAMP, and 
actions undertaken to reduce the exposure from LAMP. Characteristics of your 
house are also included in the questionnaire. 
 
 Location and Duration: You may answer the questionnaire in your own 
convenient place and it will take about 30–40 minutes to complete the whole 
questions. However, you might be contacted in the future for a detailed 
clarification regarding some issues.  
 
 Risks: There is no risk is expected to arise from your participation in this project. 
However, if you feel discomfort with the questions, you may withdraw at any time 
before the publication stage or choose not to answer those particular questions.   
 
 Implications of Participation: There is no implication or adverse effect for you 
if you choose not to participate in this project.  
 
Confidentiality:  
 
 Confidentiality: Measures will be taken to ensure the confidentiality of the 
participants’ information, and data collected will be preserved in all stages of the 
research: data collection, storage, analysis and publication.  Data collected will be 
transformed into an electronic form and stored securely using a password-
protected method. All written materials will be put in a locked cabinet. These data 
can only be accessed by the researcher and her supervisor. In the publication stage, 
confidentiality of participants’ information will be protected as far as the law 
allows. Your identity (ie: name, phone number or email) will be kept as 
confidential.  
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Data Storage: 
 
 Where: Data will be stored securely in the researcher’s notebook and external 
hard disk that will be password-protected. All survey forms and written materials 
will be kept in a locked cabinet and participants’ information will be kept safely 
and confidentially during the stage of result preparation for at least five years after 
publication.  
 
 How long: Data is stored for a period of at least five years from publication.    
 
 Destruction of Data: At the end of five-year period, the data will be destroyed. 
 
Queries and Concerns: 
 
If you have any questions about the research project, you can contact the researcher at: 
Husna Jamaludin  
Crawford School of Public Policy 
College of Asia and the Pacific 
The Australian National University 
Canberra, ACT 2601. 
Phone No: +61 2 6124 1719 
Office No: +61 2 6125 3913  
Mobile No. (Australia): +61481164542 
Mobile No. (Malaysia): +60174005374 
Email: husna.jamaludin@anu.edu.au 
 
You can also contact my academic supervisor if you have further question about the 
research project at: 
Kuntala Lahiri-Dutt 
Crawford School of Public Policy 
College of Asia and the Pacific 
The Australian National University 
Canberra, ACT 2601. 
Office No: +61 2 6125 4343 
Email: kuntala.lahiri-dutt@anu.edu.au 
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Ethics Committee Clearance: 
 
The ethical aspects of this research have been approved by the ANU Human Research 
Ethics Committee.  If you have any concerns or complaints about how this research has 
been conducted, please contact: 
 
Ethics Manager 
The ANU Human Research Ethics Committee 
The Australian National University 
Telephone: +61 2 6125 3427 
Email: Human.Ethics.Officer@anu.edu.au 
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APPENDIX B: QUESTIONNAIRE FOR RESPONDENTS108 
Name:        Phone No. 
PART 1: HOUSEHOLD DETAIL 
1. Postcode: ______________ 
2. Kawasan:        Teruntum    
Tg.Lumpur 
Inderapura 
Beserah 
Semambu  
3. State/district of origin:          The same as above         
    Others (Other parts of Pahang/other states)     
IF OTHERS:  
 How long have you been living in this area? 
6 years or less (recent migrants) 
7 – 20 years (non-recent migrants) 
 Why did you move to this area? Please circle the reason. 
Employment purposes    
(agriculture/manufacturing/mining/service) 
Follow my parents/spouse who work in 
(agriculture/manufacturing/mining/service) sector 
Others. Please specify _________________   
4. Race:   Malay     Chinese         Indian           Others 
5. Gender: Male    Female 
6. Year of born : ______ 
7. Marital status:          Single       Married              Divorce          Widowed    
8. Education:                        
  Primary  
  Secondary  
  Tertiary  
                                                          
108 The questionnaire for the online and non-online are the same. 
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  None 
9. Main source of income: 
  LYNAS. Please circle (contract/unskilled/semi-skilled/skilled)  
  Agricultural sector 
   Manufacturing sector 
   Service sector (Private) 
   Service sector (Government) 
   Others.  Please specify __________ 
   None ___________ 
10.  What is the range of your main income level (per month)?  
   RM500 & below 
   RM501 – 1,500 
   RM1,501 – 2,500 
   RM2,501 – 3,500 
   RM3,501 – 5,000 
   RM5,001 – 10,000 
   RM10,001 – 20,000 
   RM20,001 & above 
11. a) If you are NOT WORKING in LYNAS, please MOVE to QUESTION 
NO.15. If you are a LYNAS worker, what is the reason/s for you to work with 
LYNAS? (May tick more than one answer)  
Job opportunity 
Better salary 
   Better working condition 
   New work skill/knowledge 
   Others reasons. Please specify ______________ 
b) What was your previous job? _______________ 
12. What is your health condition:           
a) Very poor (suffering from a chronic disease/s with frequently occurring 
symptoms – ie: cancer, diabetes, heart problem)    
b) Poor (suffering from a chronic disease/s, but with very rarely occurring 
symptoms) 
c) Fair (suffering from a minor health problem/s – ie: allergy, stress etc.)          
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d)  Good (do not suffer from any illness, but might be ill due to certain 
circumstances, ie: due to extreme heat, food poisoning, infection etc. 
e) Very good (very unlikely to be ill even though has been exposed to some 
factors that can cause illnesses. 
 
PART 2: PUBLIC PERCEPTION  
1. In your opinion, what types of pollution are you worried about the most? Please 
rank from 1 to 4 where 1 is the most conscious. Please state the reason/s, if any, 
in the given space. 
Air______________________________________________________ 
River water _______________________________________________ 
 Soil _____________________________________________________ 
Groundwater______________________________________________ 
Noise ____________________________________________________ 
2. a) Have you heard about LYNAS? Yes /No 
b) If you ever heard about it, what do you think about LYNAS as compared to 
the other chemical industries (ie: BASF, W.R. Grace, Tennessee Eastman 
etc.) in Gebeng? 
More dangerous (might cause serious health problems, ie: respiratory 
diseases, cancer etc.) 
Dangerous (might cause minor health problems, ie: headache, irritation 
to eyes/nose/throat etc.) 
Not dangerous (will not cause any health problem) 
No difference (dangerous/not dangerous) 
I don’t know 
Never heard of it 
c) If your answer LYNAS is dangerous, what is the reason/s for that?  
________________________________________________________________ 
3. How do you come to know about LYNAS operation? Please tick & circle the 
related answer. 
Mass-media (television/ newspapers /radio/internet) 
Book/journals/articles 
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Villagers/environmentalists/politicians/anti-Lynas group 
Others. Please specify _______________ 
4. Have you ever heard about Rare Earth Elements (REEs)? Yes/No 
5. If you ever heard about it, do you think Rare Earth Elements (REEs) are 
important? 
Not important 
Yes. If yes, why is that so? (May tick more than one). 
   REEs are used in daily commodities (smart phone, glass, 
fridge, computer, etc.) 
   REEs are used in high-technologies (satellite, laser, 
military & security system etc.) 
   REEs are used in green-technologies (wind turbine, 
energy saving light bulb, hybrid car, etc.)  
I don’t know 
6. For the next question, you are required to choose the possible outcome (or 
impact of LAMP) and its probability of occurring. The definition of the outcome 
and its probability have been provided as shown below.  
 
Definition of Outcome 
 
1     2   3  4     5                  6 
1. Absent: there is no change to the current condition/quality. 
2. Marginal: there are some changes to the current condition/quality, but cannot 
be felt by humans’ senses (no change in the outlooks/appearances). 
3. Moderate: there is a slight change the outlook/appearance in terms of visual 
characteristics, such as: smell, colour and/or look, but would not affect the living 
things. 
4. Serious: there are minor effects to the living things/making them unhealthy, 
such as: human suffers from headache, sore throat, breathing problem, flu etc. or 
reduction in quantity of flora & fauna (fish/fruits). 
5. Very serious: there are major effects (serious health problems) to human, such 
as: asthma, severe allergies, cancer, leukaemia and tumour or death to fish/tree 
(including fruitless tree). 
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Likelihood of its Occurring 
 
1     2           3        4       5                   6 
      Almost Never   Unlikely      Possible   Likely      Almost Certain    Don’t Know 
    (0-19%)       (20-39%)     (40-59%)    (60-79%)      (80-100%) 
 
Short-term (S): Numbers in the first row (less than 5 years from now/2015) 
Long-term (L): Numbers in the second row (more than 10 years) 
 
Scenario  Outcome Likelihood   
i) Environmental Quality  
What do you think about the 
short/long term impact of LAMP in 
polluting the air quality? What is the 
likelihood of that ___impact to 
occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
What do you think about the 
short/long term impact of LAMP in 
polluting the river quality? What is 
the likelihood of that ___impact to 
occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
What do you think about the 
short/long term impact of LAMP in 
polluting the soil quality? What is 
the likelihood of that ___impact to 
occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
What do you think about the 
short/long term impact of LAMP in 
polluting the groundwater quality? 
What is the likelihood of that 
___impact to occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
ii) Environmental Quality &  Local Production  
If LAMP contributes to air pollution, 
what do you think about its impact 
on food served by the local stalls? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
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What is the likelihood of that 
___impact to occur? 
If LAMP contributes to river 
pollution, what do you think about 
its impact on aquatics in the Balok 
River? What is the likelihood of that 
___impact to occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
If LAMP contributes to river 
pollution, what do you think about 
its impact on aquatics in the Balok 
Beach? What is the likelihood of that 
___impact to occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
iii) Environmental Quality & Human Health (via exposure) 
If LAMP contributes to air pollution, 
what do you think about its impact 
on humans’ health (ie: through 
inhalation/dust exposure)? What is 
the likelihood of that ___impact to 
occur?  
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
If LAMP contributes to river 
pollution, what do you think about 
its impact on humans’ health (ie: 
skin affected due to 
recreational/fishermen activities)? 
What is the likelihood of that 
___impact to occur?  
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
If LAMP contributes to soil 
pollution, what do you think about 
its impact on humans’ health? What 
is the likelihood of that ___impact to 
occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
If LAMP contributes to groundwater 
pollution, what do you think about 
its impact on humans’ health? What 
is the likelihood of that ___impact to 
occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
iv) Local Production & Human Health (via consumption) 
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If LAMP affects food served in the 
stalls, what do you think about the 
impact of eating the food? What is 
the likelihood of that ___impact to 
occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
If LAMP affects aquatic in the Balok 
River, what do you think about the 
impact of eating the aquatic? What is 
the likelihood of that ___impact to 
occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
If LAMP affects aquatic in the Balok 
Beach, what do you think about the 
impact of eating the aquatic? What is 
the likelihood of that ___impact to 
occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
 
7. Would you like to raise any points or comments with regards to the previous 
statement regarding your perception of the possible impacts of LAMP, if yes, please 
state in the given space? 
______________________________________________________________________
______________________________________________________________________ 
 
PART 3: HOUSEHOLD BEHAVIOUR 
1. Overall, how much information have you obtained about the effects associated 
with LYNAS? 
Very little (information received either from government/LYNAS or 
anti-Lynas group) 
A fair amount (information received from government/LYNAS & anti-
Lynas   group) 
 A lot (information received from all parties & self-explored) 
2. Do you have trust the waste management process at LYNAS? If your answer is 
Yes/No, please provide an explanation/s 
Yes _____________________________________________________ 
No ______________________________________________________ 
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 I don’t know 
3. a) Is anyone in your household taking any measure to avoid exposure from 
LYNAS? ie: incur health expenditure, change food location, protest, gathering, 
etc. 
Yes 
No  
b) If yes, what is the measure/s taken to reduce the exposure?  
i. __________________________________________________________ 
ii. __________________________________________________________ 
c) How much is the cost associated with the measure/s taken?  RM _________ 
d) If you were involved in protest/gathering: 
 How far is the distance between your house and the protest/gathering 
location? ___(km) 
 How much is your estimated fuel cost incurred? _____(RM) 
 How long is the protest/gathering taken place?_____ (hours) 
 How many times do you get involved in the protest/gathering?______ 
4. Before the establishment of LYNAS, where did you purchase your food? 
Local market 
Non-local market 
5. How far is your house from the market? __________(km) 
6. What was the estimated cost of accessing the market? 
i. Fuel: ______________(RM) 
ii. Time spend:________ (minute/hrs) 
7. How frequent did you go to the market? _______ (per week) 
8. How much did you spend in the market? _________ 
9. After the establishment of LYNAS, where did you purchase your food? 
Local market 
Non-local market 
10. If you DID NOT CHANGE your MARKET LOCATION before and after the 
establishment of LYNAS, please move to part 4, but if you did, how far is your 
house from the new market? __________(km) 
11. What is the estimated cost of accessing the new market? 
iii. Fuel: ______________(RM) 
iv. Time spend:________ (minute/hrs) 
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12. How many times do you go to the new market? _______ (per week) 
13. How much do you spend in the new market? _________ 
14. What is the reason/s for you to change the market place? 
_______________________________________________________________ 
 
PART 4: HOUSE PRICE 
Please write down your answers in the given box. 
No.  CHARACTERISTICS 
Structure Neighbourhood Environment 
1 Land status  
 
Freehold/ 
Leasehold 
 
Distance to 
Central 
Business 
District/Kuantan 
town (km) 
 Estimated 
distance 
from 
LYNAS 
(km) 
 
2 Type of house 
(ie: single-storey 
terrace, 
bungalow, village 
house etc.) 
 Distance to 
school (km) 
   
3 Building material 
(i.e.: bricks, 
woods, mixture 
of woods + 
bricks, etc.) 
 Distance to 
clinic (km) 
   
4 House size (i.e.: 
length x width) 
 Distance to 
Mosque (km) 
   
5 House lot (in 
Acre/ ‘length x 
width’) 
 Distance to 
Shops/groceries 
(km) 
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6 Number of 
bedroom/s 
 Do you live in a 
Bumiputra/Non-
Bumiputra 
area? 
   
7 Number of 
bathroom/s 
 Do you live in a 
flood-free area? 
Yes/
No 
  
8 Age of house (ie: 
1995, or 90s, or 
20 years) 
     
9 Parking (no. of 
cars can be 
parked in your 
garage/housing 
area) 
     
10 Finishing (i.e.: 
cement, marble, 
tiles, mixture of 
woods+cements, 
etc.) 
     
11 Store  Yes/No     
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APPENDIX C: QUESTIONNAIRE FOR THE AUTHORITY/EXPERT/LYNAS 
CORPORATION 
 
Part 1: Background 
1. Area of expertise: _____________________________________ 
2. How long have you been working in this area: ______________ 
 
 
Part 2: Opinion  
a) Outcome and likelihood of its occurring  
Outcome 
 
1     2   3  4     5        6 
1. Absent: there is no change to the current condition/quality 
2. Marginal: there are some changes to the current condition/quality, but cannot be 
felt by humans’ senses (no change in the outlooks/appearances) 
3. Moderate: there is a slight change in the outlook/appearance in terms of visual 
characteristics, such as smell, colour and/or look, but would not affect the living 
things  
4. Serious: there are minor effects to the living things/making them unhealthy, such 
as headache, sore throat, flu etcetera (regardless of the changes in the appearance) 
5. Very serious: there are major effects (serious health problems) to the living things, 
such as asthma, severe allergies, cancer, leukaemia and tumour.  
 
Likelihood of its Occurring 
 
1             2                   3      4     5                  6 
Almost Never       Unlikely     Possible  Likely      Almost Certain    Don’t Know 
    (0-19%)      (20-39%)    (40-59%)     (60-79%)      (80-100%) 
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Short-term (S): Numbers in the first row (less than 5 years from now/2015) 
Long-term (L): Numbers in the second row (more than 10 years) 
 
Scenario  Outcome Likelihood   
Environmental Quality  
What do you think about 
the short/long term impact 
of LAMP in polluting the 
air quality? What is the 
likelihood of that 
___impact to occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
What do you think about 
the short/long term impact 
of LAMP in polluting the 
river quality? What is the 
likelihood of that 
___impact to occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
What do you think about 
the short/long term impact 
of LAMP in polluting the 
soil quality? What is the 
likelihood of that 
___impact to occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
What do you think about 
the short/long term impact 
of LAMP in polluting the 
groundwater quality? What 
is the likelihood of that 
___impact to occur? 
S 1 2 3 4 5 6 1 2 3 4 5 6 
L 1 2 3 4 5 6 1 2 3 4 5 6 
 
b) How do you know LAMP operation is safe and would not harm the environment 
(air, river, soil & groundwater) in the short & long term period (considering its 
accumulated effects)? (for authority and Lynas) 
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________________________________________________________________
________________________________________________________________ 
c) What are the rules/actions taken to mitigate any possible unintended adverse 
effects produced by LAMP with regards to air, river, soil & groundwater? (for 
authority and Lynas) 
________________________________________________________________
________________________________________________________________ 
d) Do you think air pollution from LAMP will contaminate food served by the nearby 
food stalls and affect human’s health (through inhalation of air & eating of the 
food) in the long run? Why? 
i. Food stalls: 
_____________________________________________________________ 
ii. Human’s health: 
_____________________________________________________________ 
 
e) Do you think river pollution from LAMP will contaminate aquatic life in the 
Balok River & affect human health (through exposure of the water river & eating 
of the aquatics) in the long run? Why? 
i. Aquatic: 
_____________________________________________________________ 
ii. Human’s health: 
_____________________________________________________________ 
 
f) Do you think soil pollution from LAMP will affect human health in the long run? 
Why? 
________________________________________________________________
________________________________________________________________ 
 
g) Do you think groundwater pollution from LAMP will affect human health in the 
long run? Why? 
________________________________________________________________
________________________________________________________________ 
 
Part 3: Additional Issues (only for Lynas Corporation) 
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i. Could you provide a detailed justification on the claim made by some parties 
on the following issues: 
- Poor design of waste storage (not leak-proof liner system) might result in 
radioactive and toxic leakage into the groundwater  
- Do not apply the current best available technology with respect to air 
emissions, water discharges, and temporary waste disposal arrangements 
- Do not have a permanent waste disposal facility as all of the wastes 
generated can be recycled to produce other products 
__________________________________________________________
__________________________________________________________
__________________________________________________________ 
ii. What do you think about the probability of accident (ie: cracking, leaching 
or explosion, etc.) caused by LAMP? Would this problem cause serious 
health problem to nearby residents, i.e., suffering from cancer, leukaemia or 
tumour as experienced by people in the Bukit Merah? 
_____________________________________________________________
_____________________________________________________________ 
iii. Would you like to raise any points before we end this interview? 
_____________________________________________________________
_____________________________________________________________ 
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